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LABORATORY MEETING 

of the Society held at 

The Royal Army Medical College, MIDhank, London, 

on 

Thonday, 16th March, 1946, at 3 p.m 
Major General A G Bicgam, c b e.h.p \u> F.R.C.P (late ilaou: ) 
Vlce-Prendent, in the Chair 


DEMONSTRATIONS 


The Royal Army Medical College • 

A ftrwoal yrstectfon sf Hit loldkr ajaiojt malaria 
Model of ioldier wearing jungle clothing 
Is ) Ion hammock, pitched with protective mosquito net 
Suppressive mepacnne, 0 1 gramme tablet* — 

(a) In 7-day cellophane strips, 

( b ) In tin* of seven. 

(c) In tins of 1 000 
A Mepacnne Parade 

Dimethyl phthallate repellent in container, u iuued. 

Wallet containing head net, sleeve* and overlooks, the whole impregnated 
with D.MJP 

Individual Sparklet. 

In*ectiade (Freon) bomb 

B frmntlaa cf tjpfccj ftrrr 
(i) Lcust'bome typhus 

Model dressed in protective clothing for handling cases of typhus. 

Chart showing lousiness in last war and in this. 

DDT impregnated shirt 

Dust guns hand and power-operated. 
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AX. 63 (Mirk 111) powder containing DDT 
Typhus ncanr. 

(ri) Scrub Typkxt (in conjunction with Major K MeHanbj) 

Method of impregnating clothing with dibutyl phthallate 
The rector and its hibitat. 

How to get scrub typhus ” 

C. TUtttn f*Ai Ik ?MiDi thmtrt 
Eme rg e n cy ration. 

2-1 hour ration for one man. 

Composite man radon for 1 day (Types 1 and 4) 

D P*r1Be»n*« *t wstK la f«rwsrt imi. 

The midget metafilter for email units. 

Milfbank in dm dual filter bag 

Individual water etenlmng outfit, latest type, double ended. 

Soldier 1 a water bottle new type. 

E. Pro-** Ot n of troptod rV«f 
Individual fir*t aid outfit 

F rrfi^.iu. K D«p*cTla« In 
Photo-electric fluomneter 

0 l The experimental effects of penicillin on cultures of 
L doHocam in Adler s medium and E hslotytica In Dobell s HS/hs medium 
were outlined with the estimated inhibitory and lethal concentrations. 
Graphs were shown of an * enhancement effect on the growth of Enta 
tnoeba histolytica by certain sub-lethal concentration* of penicillin. 

u Microscopical preparations were shown of thick and thin films of 
P mwx and T l/ncrt stained with J S3 stain tp show the sharp differ 
cntial staming and general utility of this etam for demonstrating parasites 
in thick and thin films. (Ref Ittd. tried. Gas 1944 79 102). 

Lt--Cob J Bryant. 

notacnpbs *1 aio«tatt* piss** ■>! Motrti tatanm iphit tatphtks t* 

Patotls* 

Dr E Bnrtt and Dr H Fair balm (shown by Dr C A Hoaro) 

frsparad*** «t Tryf unwi rMawo 
(I) K*u*r«n* trypaaowaK bp ta* U+Ot-PK ta lit wt «t WtJnj 

Preparations of the salivary forms (metacydic trypanosomes, etc) were 
obtained by the following method — 

(a) A microscopic slide is smeared with a thin film of egg albumen 
and allowed to dry « 

(4) An infected tsetse fly ts placed in a bottle, the mouth of which Is 
covered with mosquito game 

(c) The bottle is held in a rack, mouth downwards, and a gumeapig 
is placed under it. 
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(d) A* the hungry tsetse-fl) extrudes its proboscis through the gauze 
m an attempt to feed, the prepared slide is interposed between the fly and 
the gumeaptg with the result that the fly probe* on the slide ejecting 
some of tbe saliva containing the trypanosomes 

(*) The salivary smear is then dried m the air and stained like a blood- 
film by one of Roraanovsky a methods. 

(IT) TrypjLnwmW In tie primary negate 

In the great majority of volunteers infected through the medium of a 
tsetse fly there develops t local reaction at the site of the bite This reaction 
6t*rts as a nodule under the skin it is at first about the size of a pea, but it 
gradually increases m dimensions until it become* an indurated swelling 
measuring about 3x2 inches It a covered with minute vesicles at the summit, 
and is tense and tender 

Withdrawal of some of the fluid b> puncture of the nodule reveals the 
presence of trypanosome* some dap before the) invade the blood stream. 

Since bites by non infected tsetse do not produce this reaction, the nodule 
(or trypanosome chancre ) represents the primary lesion, sod is therefore 
the earliest diagnostic character of human trypanosomiasis (both m the rAtxfe- 
s tense and gambiense forms) A* a rule however it escapes detection because 
patients are rarely seen in the early stages of the infection. 

Dr J R Bos vine and Mr* S Barnes, Ph D 

DDT toprsfastei! maUriab twtiny rutthwU ei» 

An impregnated louse proof shirt was shown on which the DDT was 
imperceptible. Small blocks of materials used in building (painted and un 
punted wood, plaster glass etc.) bearing insecticidal films of DDT were 
exhibited. The films of crystals were quite visible on dark or impervious 
surface* even a year after application. The bug killing powers of these films 
are tested at intervals and the method (by confining bugs on the treated surfaces) 
was demonstrated. 

Bed bugs and body hce exhibiting ajtnptoms of DDT poisoning were 
shown. 

Dr E H Derrick (shown by Dr C M Wenyon) 

An wnaoaJ cam e! smaskUib lanutao ot th# thtaei by * B amesb* which b 
act Enl&ncxb* hstalytka. 

A Jspanesc prisoner was admitted to hoapital m Brisbane on 43 43 He 
was treated for malaria and dysentery' but died on 9343 At postmortem 
(17 hours after death) the stomach, small mteatme and large intestine were 
ulcerated. The lungs were consolidated while the brain contained a haemor- 
rhagic mass (2x1 xl} inches) on the lateral aspect of the right parietal lobe. 
Sections of the organs revealed large numbers of amoebae m all the intestinal 
ulcers, the meaentenc glands, the lungs and the brain. These amoebae are 
evidently not Entamoeba Ittstolyttat nor E coh Of the known human amoebse 
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they resemble raoit closely Iodamofba bStsoUn which, however u regarded a* 
t harm let* inhabitant of the intestine. It hot never been known to invade the 
tmuet. In thii cite however it ha* to be asrumed that this b the first tune 
that *uch an invasion has been noted and that I bBtschln baa earned oat an 
extensive penetration of the tissues, or which seem* lew likely that an entirely 
new human amoeba n involved. The full detail* of the case are to be published 
elsewhere. 

Prof H J Dible Dr S Sherlock and Royal Army Medical College 

* rum **itr* tire *i mtJea* *f Drtr oktataw ky Bt*t yzBCtvra kiopiy trre palkntj 

«h« kil ukra aa wrmtr* Bryaertw tbrnyr frm fl to IT niiUn. 
Tk«»* &T*r» ktsttky ini »bcrw*4 *nty *Ilakt *kj-iloi»f lt*i variation* 

trow Donmal. 

Prof R M Cordon Prof T H Dirty and Mr K Unsworth 

Tkr trntral ot *eikl*f ky Ut » «f T«t»*a*j m?. 

1 Section* of skm, cut on a f r eezing microtome, of rata mfected with 
a mite (A otofdra) coining acabie* The arumal* were treated with tetra 
ethylthiurim monosulphide (** tctmo*ol ’) in a coconut otl bate and tbe akm 
removed at vanou* inteml* after rubbing in the drug The sections »bow that 
the drug penetrate* into the hair folhdea withm 15 inmutes of it* application 
and that it reache* all atagea of the mites in the burrow*, but that 24 to 48 
hour* are required before all the mite* and, particularly their ova axe destroyed. 

2. Colour photograph* of the »kin of rat* which had been exposed to 
infection with A otofJrn from their fellow*. The photograph* ahow that, 
whereat ordinary *o*p and aoap impregnated with benzyl benzoate have no 
protective action against the acquirement of the disease, *oap impregnated to 
the extent of 5 per cent with tetraethylthiuram monosulphide, when u*ed once 
daily render* the animal* immune. 

1 A graph llliutrating the me in tbe incidence of acabtes in a doted human 
community of 400 person* when using ordinary aoap and its subsequent fall 
following the aubautution of 5 per cent tetmosof soap. 

Lt-Col W H Hargreaves 

Baiiotoffcal innriKii »t caldfl*4 cyst* *t Tmrmm uli m m la krain. 

It hat been found that high penetration n effective m showing up calcified 
cerebral cyaticerci in detail. The calcification commonly appear* m the acolez 
only but quite frequently a calcified cyst wall may be seen like a shell or halo 
outside the acolez, and occasionally calcification can be seen *tartmg in the 
cyst wall first 

Eight radiograph* w ere demonstrated, and one particularly striking film 
w** *bown •terroacopicaffy 
Dr F Hawking 

A Omtk *1 ysmltM la ttoav rattan 
(i) Eioerythrocytic form* of Plasmodum gaJKnocnpn 

Tissue cuhnrea wer e demonstrated which had been prepared from the 
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spleens of chickens infected 8 dajs previously with sporozoites of P galhrusctvm. 
The macrophages in these cultures contain exoerythrocytic forms of P gal - 
htwenm which undergo a regular q-cle of development in the cells. A fuller 
description of these cultures was given in these Transactions m August, 
1944 In recent experiments large numbers of sporozoites have been injected 
intravenous!) into a small chick. Three hours liter the chick was killed and 
tissue cultures were made from the spleen After about 10 days typical exocry- 
throcytic forms were found in the cells of the culture 
( 11 ) Trypanosoma cruzi 

T crust has been grown in tissue culture b) the same technique os used 
for P galhnaarxm The tissue consists of embryonic rat heart grown m a 
medium containing rat serum, etc. After 3 days blood from mice infected with 
T crust was inserted. The trypanosomes enter the cells and undergo a cycle 
of multiplication which lasts about 5 days. At the end of this time new try- 
panosomes emerge from the cells and are available to infect clean cells Cultures 
have been maintained by this technique for 59 days. 

(iu) Letshmanta donovatu 

The parasites were cultivated by the same technique as that used for 
P gaUinactutn 

Infected hamsters were kindly supplied by Mr L. G Goodwin Tissue 
cultures were made from the spleen in a medium containing 20 per cent 
hamster serum The) were incubated at 37° C but during handling the cultures 
were showed to cool to room temperature for about 3 hours every 3 days. 
Growth of the cells was fair the cultures were maintained for 23 days, after 
which they became infected with bacteria. After 20 dap large numbers of free 
flagellates appeared in the fluid medium. 

B Fflarfs from tht Mtloiwit Lib »* mnn 

Experimental studies of filanasis have been greatly handicapped in the 
past by lack of a suitable experimental animal Recently it has been found that 
cotton rats from the southern states of America are often infected with a 
worm known as Lxtomosotdes carvm. 

A batch of wild cotton rats was recently received by Dr C. H Andrfcvo 
from America and it was found that about half the animals were infected with 
these worms Specimens were demonstrated which had been obtained from 
these rats. The adults live in the pleural space and microfilariae occur in the 
peripheral blood. The microfilariae are non- periodic and sheathed. The 
insect vector is not yet known. 

These parasites offer great promise for chemotherapeutic expen menu 
(See J T Culbertson and H M Rose, 1944 J Pharmacol & exp Tkcrap , 
81, 189) r * 

A D Lea, PhJ) 

LMs* Ornuhxicrta JA tmd 

Thu u the largest known species of Onathodorus The female peks 
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e xh ibited arc the type specimens of this subspecies (Wirrmcr, 1933) and 
were discovered buned in aand in a care in British Somaliland. The natural 
boat a unknown. 

Thu apecica has exceptional powen of resisting desiccation and starvation. 

Major H S Le«on (shown by Professor Burton) 

R»et*t ak«t*mpkJ uU-milarU] wmt la Pahrtlas. 

Dr K. Melianby (shown by Professor Barton) 

Larru ml itiJti •! Tr+mtv+l* JAnab Ir«C C*j>u (MMStW la IxtTU »W*cJ 
aolfTtnyl aJ**ho4 ) 

The material had been brought to England alrrc by air and a film record 
made of the firing mi tea. The identification is ten tad re. 

Ah Commodora T C Morton Microacopic spearoetu. 

A. A wu ot rkt>M>ortdints la aa laCaa i«J* i|W ts. 

History — Removal of polypi from rrght aottril fire times during the 
last 5 yeata. Already diagnosed as RkutotportJhcm in India. (Patient come* 
from North India.) 

Exawuxatiom —Pinkish polypi attached to free margin of the right inferior 
turbinate. The rest of the nasal passage on this side and the left side are healthy 
X ray 8mu»e*— negative. 

17th 1942 —Operation — removal of mass. 

ft fetch 1943 — Recurrence of grow th, which this tune has spread slightly 
and of which some was attached to the septum. Growth removed and base 
duthermrced. 

May 1913 —No further recurrence but there is ■ small area on medial 
aide of right inferior turbinate which bleeds easily It was from this area that 
the mass was growing Thu area was therefore duthermned. 

July 1943 — Nose healthy Accepted aa fit for co mm M on. 

March 1943 — Aa far at is known has had no further recurrence. 

B &hi(Mw ttrwffam ul esntosma at tbs U*d**r 

Two sections ate shown, both obtained from biopsy through a cyatoscope 
from French officers who had served in Syria and in the Lake Chad region 
of Equatorial Africa they were both m the early thirties. In one case a definite 
carcinoma of the bladder a present, together with scanty Sckut enema karma 
tobum eggs. In the second, eggs are numerous, together with solid columns of 
cpithehsl cells, altbcwgh palisading and hyperchromatism are not present the 
epithelial hyperplasia i* so marked and met l plana is present in one area that the 
condition, though not definitely malignant, u certainly precancerous, 

0 Ljwjb |tui ikiwtnj tmWw S — wd 

Thu lymph gland was obtained by biopsy from a case of kala-aaar con- 
tracted in Malta. Leishmarua were also found in the sternal marrow and the 
spleen was enlarged. The leuhmanu are present in such numbers that a 
gland puncture would certainly have been found positive. 



LABORATORY MEETtXQ 


7 


This case was recorded m the British Medical Journal , 1943 by Group 
Captain F E. LlPSOMB and S/Ldr Gibson 
D BUitomytoib 

Tbw patient, a healthy young R.A.F officer of 25 had served 5 years m 
the Middle East, including Iraq He spent 1 day m Madagascar and at the 
Cape. A month after his return to the United Kingdom a raised dusk} papular 
area appeared over his elbow This after some weeks slcmly increased in size 
and some discharge escaped from minute openings m the epidermis when the 
skm was placed on the stretch, but there was no pain or irritation. Blastomy- 
cosis was suspected, and on applying pressure to the lesion small beads of 
pus escaped from minute openings in the epidermis The Lei sh man stained 
smears showed scanty thick walled spherical spheres which resembled Coca 
dtoidet imtmtu Cultures unfortunately were o\ er g r ow n with staphylococci 
Treatment with potassium iodide, 90 grains a day was recommended and 
arrangements made for X-ray treatment He was seen after treatment and the 
lesion appeared much drier only a little pus could be expressed from the pits 
and no fungi could be found in direct smears and attempts at culture, both 
aerobic and anaerobic, were unsuccessful. Material was sent to Dr } T 
Duncan at the E.M S Laboratory at Winchester and again cultures were 
unsuccessful. Local treatment with penicillin was tried without success, and 
finally a surgical excision was earned out followed b> a skin graft. This was 
successful. 

Mr P G Shuts 

Msfauta parasites la thick Dims stained by a modLntd Field's stain. 

Method of using Field's stain 

Between immersion in the aiur I methylene blue and the eosin solutions, 
films are bathed m the isotonic phosphate buffer solution for 1 to 3 seconds 
instead of m distilled water as suggested by Field This removes most of the 
hiemoglobin without distorting the leucocytes 

Intensification of staining can be obtained by res taming with very weak 
Leishman. After the film is dry following staining with Field s one drop of 
Lejshman is allowed to act for 2 or 3 seconds and is then diluted with 
eight to ten drops of distilled water and stained for a further 5 to 10 minutes. 
By this double method SchUffner's dots stain prominently, even m very young 
rmg forms. Counter staining with Giemsa s stain is leas satisfactory than 
Leishman «. 

Very thick film 

When films which are very thick (thick drops) are sent to the laboratory 
Field s rapid method is unsatisfactory Such films should be soaked in a jar 
of phosphate buffer solution until most, but not all, of the haemoglobin has 
been dissolved out. The films are then passed through the stains m the ordinary 
way 
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Old tfack films 

Films nay be mined satisfactorily up to it least 28 day* after their prepara- 
tion If before being mined, they are soaked in the phosphate buffer solution 
until the haemoglobin begins to dusolre out. This miy take up to half to 
hour 

Him adhermf to the shie 

Thick films which arc a tamed as soon as they have dried tend to peel off 
durmg the process of staining This can be prevented by passing the films 
through the flame of a spirit lamp fire or six times before staraing Films 
which are not stained for 24 hewn adhere firmly 

At the present time, when the microscopical diagnosis of malaria is being 
earned out on a very large scale mostly by worken who are neither malari eu- 
logists nor p rotor oolognts, and the thick film method of diagnosis is m genera] 
use, any extra time spen t in naming which wfl] enable parasites and the tpectea 
to which they belong to be diagnosed with accuracy is time well spent It 
sarca much time dnnng the actual examination of the film both as regards 
whether an organism is a malaria parasite or not and it also makes i pears 
diagnosis easy Counter stain mg thick films with weak Leri Lunin s stain 
following Field s staining is well worth the little extra time Involved. 

Kr H / Strtfon 

PsIjTtaTl »J#s*sli s sksrtax ui «s**dn* ntWfaua 

Polyviojl alcohol (PYA) u one of the plastics and la obtained as a white 
powder There are various grades of powder but only one of them is suitable 
for the medium. This a grade RJF349A. 

The powder when mixed with water — it is not soluble in any of the 
ordinary fit solvents — forms a viscous solution of a syrupy consistency This 
solution when dry leaves a tough transparent film which is resistant to water 
{unless soaked for several hours), alcohol, ether xylol, acetone and other 
solvents. 

The solution can be used for covering stained blood films before an 
munereion oil has been applied, for although it slightly affects the stain when 
first run on the slide it soon dnes hard and can then be cleaned without any 
danger to the smear 

It ts also uscfol for the examination of livmg insects, including those which 
five m water A drop of the solution is placed on a slide and the specimen 
immersed In it this unxnobiltzet the specimen and it can be examined for 
upwards of half an hour when it can be soaked off in fresh water where it 
soon recovers. 

If the PVA solution is mixed with pbenOl and lactic acid it kills, dear* and 
mount* the specimens and does not require ringing although it is advisable 
to uae an excess of the medium to allow for shrinkage. 

The refractive index is the same as Canada balsam. 
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Mr J M Watson 

The Identity c! Betundlrm » Balanti&vm mirmhai. 

In 1999 Schmid INN described ■what he believed to be a new *peaes of 
intestinal abate of man to which he gave the name Balantidium tramitum 

The abate was obtained from the stools of a patient suffering among 
other thing* from diarrhoea but ScHAUDUfS was of the opinion that it was a 
non pathogenic form. 

This organism ha* only been reported on a few lub sequent occasions, 
despite the many thousands of faecal examination* thit are made annually 
and for thi* reason Brumpt, in 1922, suggested that it was probably coproxoic, 
if ,a free living species which had accidentally been introduced into the voided 
faece* and had multiplied m this habitat. 

In 1926 Wight reported that the free living abate BalanUophorus mrtuius 
Schewiakoff which occurred occasionally in the water-tupplie* of the Palo 
Alto district of California, had from time to time been found in human *tools 
in that locality and had been recorded as Balantidium mznutum 

In 1934 a sample of human stool was sent to these laboratories which 
contained this coprozoic abate BalanUophorus mmutus 

A detailed study of the structure and relationships of Balanliophorus 
rmnutus was made, and after a careful and detailed comparison with Sell AUD INN'S 
original description of Balantidium nunutum, it was concluded that the two 
special were identical and that Schaudinn had actually been dealing with 
Schewiakott s abate present m his faecal specimen* as a contaminant. 

A full account of this work will appear shortly 

Living « pea mens m human faece* and stained preparations were 
exhibited. 


Dr V B Wlgglcsworth 

Th* Ut* of haerao*loWB In HAcwfww prolhna (Htmlpttrs) 

In Rhodmus most of the haemoglobin ingested is broken down in the 
lumen of the gut to protoha ematm which 1 * excreted unchanged- But a small 
amount is absorbed dnd circulates in the haemolymph as kathaemoglobm 
(P ara harmatw) This is taken up by the salivary gland* where it appears as a 
cherry red pigment with properties similar to ha cm album in Blood pigment is 
aUo transferred to the yolk of the eggs and becomes concentrated in the stomach 
of the newly hatched nymph as a bright red fluid (paraha ematm). In the next 
few days most of this is digested m the gut to give protohaematin some is 
transferred to the salivary gland* to give nse to their usual pigment. 

Blood pigment m the haemolymph of Rhodmus it taken up also by the 
pen cardial nephrocytes and by the epithelial cells of the stomach and intestine. 
Here it is converted to a brown pigment (a modified haem pigment), to a green 
pigment (probably of the verdohaem type and resembling choleglobm) and 
finally to bihverdm. Bfliverdin accumulates throughout life in the pencardial 
cells which become bnght green In the gut’ it is discharged to die lumen and 
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appears in the facers The free Iron accumulates throughout life In the cells of 
the stomach and intestine* in old m«ects these are heavily laden with iron 
deposits. 

After the injection of haemoglobin into the haemolyraph ail the a bore 
processes are exaggerated. In add mom some breakdown of blood pigment 
tales place in the .Malpighian tubes and the lumen of the rubes may become 
charged with mailed droplets of biliveniin displaced from the pericardial ceils. 

Dr E J King and Bln. GDchrbt, Pb.D 

mu BStb*4* lit tiUaittaj ntj*crin* Is rrUn Um 4 a ad pUma. 

A modification of the MsfCt (1943) technique has been worked out to 
enable the estimation of mepaenne in plasma or whole blood to be performed 
under field condition*. 

Sfxtial apparatus rnparrd — Portable visual fluonmeter of a 

boxed in mercury fight, with a trench or holes for test tubes screened by 
Wood’s (lass, which lets through the ultra- violet and no visible light. 

100 mL separating funnel. 

Non-fluorescent test tubes (/ f Chance s hyaU, f X 6 inches). 

Centrifuge, small electric or hand. 

Reejnls — -10 per cent NtOH. 

0 3 K-NtOH. 

Petroleum ether 

Redistilled isopropyl alcohol and redistilled isobutyl alcohol 
mixed in equal proportions. 

30 per cenL of isopropyl alcohol in 0 1 N-HCL 

Standard mepaenne solution (one mepaenne pill (0-1 gramme) 
shaken up m 1 litre 0 1 N-HC1). 

Borate NaOH buffer (4 gramme sodium borate m 100 ml 
1 35 H-\aOH, filtered). 

Method — In a separating funnel are placed 2 mL 10 per cent. NaOH, 
25 ml petroleum ether and 25 mL of the isopropyl- isobutyl alcohol nurture 
10 mL plasma, or 5 mL whole blood + 5 mL water are added and the mixture 
shaken vigorously for 1 minute, then allowed to separate. The blood layer is 
discarded. The nurture is washed with 10 mL 0*3 Jf-NaOH by shaking vigor 
outir for } minute, and the JsaOH discarded 10 mL distilled water are added, 
the mixture shaken briefly allowed to separate, and the water discarded. The 
water wash is repeated and the water layer separated aa completely as possible. 
The mepaenne is next extracted into 5 mL of the sad alcohol mixture by shaking 
vigorously for 1 nun ate. After rt has separated out the sad layer i* run off 
into a centrifuge tube and aptm dear 3 mL of the clear solution are pipetted 
from underneath the separated scum into a non fluorescent test tube. Alkaline 
borate buffer (0-5 mL) is added, and the fluorescence compared with standard 
solutions freshly prepared by dffution with aad alcohol from the stock standard, 
and treated with alkaline borate buffer m the same manner as the unknown. 
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The fluonmeter requires about 10 minutes to warm up and should be used m 
the dark. 

Standards for plasma — The standard raepaenne solution contains 100 mg 
per litre. A dilute standard solution if prepared by diluting 10 ml of the 
strong standard to 1 litre with 0 1 N-HCL Thu solution should be prepared 
freshl) for use. Fluorescent standards are prepared as follows 0 1 ml., 
0 2 ml, 0*4 ml 0 8 ml and 1 2 ml dilute standard are each diluted to 5 ml 
with the sad alcohol mixture , 3 ml of each of these is treated with 0 5 ml. 
NaOH borate buffer These are equivalent to plasma of 10 Mg , 20 ng 40 /ig 
80 /ig and 120 /xg per btre respectively 

Standards for xc hole blood — The same standards as those for plasma are 
used, but since 5 ml. whole blood are used instead of 10 ml plasma the standards 
are equivalent to two times their stated concentration for plasma, t e > to 20 40 
80 160 and 240 /ig per litre. Additional standards of intermediate strengths 
may be prepared if it is desired to match the blood strengths more closely 
For very high mepaenne concentrations 2 rah of whole blood may be used 
instead of 5 ml. 



The Fluonmeter — This instrument is used on a 220 to 240 A.C. circuit. 
It should be turned on about 10 minutes before use. The blood fluorescent 
tube is pliced between two standards for matching The tubes may be viewed 
vertically by placing in the holes of the rack provided, or they may be viewed 
honx on tally by removing the rack and placing the tubes m the well. 

Once the lamp has been switched off it must not be used again until it 
has cooled down. It should, therefore, be kept on continuously until each set 
of matchings has been completed. 

Suitable lamps are the " Otira 80-Watt black glass lamp 230 volt, with 
choke as G.E.C leaflet 05 7196 or Philips’ MBW-V *' Phflora ultra violet 
mercury lamp with lampholder and choke 

PsnlllD •itrardon with In Lcrfbond K*n!*rti*r or alt-purpcM comparator 

Principle of Method — -The mepaenne u extracted from alkaline unne into 
paraffin, washed with NaOH taken mto N HC1 and the colour measured again tt 
yellow disc* in the Lonbond Nesalenaer or m the sill purpose comparator 
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The procedure a «n adaptation of previous methodj sod an attempt to conform 
to the general pnnaple of methods kid denm by Hues (1943) and by Btztca 
*nd Udenthhxd (1943) 

Apparatus — 200 mL separating funnel 50 rnL gndusted cylinder Lon 
bocdbesalmrer or all-purpose comparator with mepaenne d 1 ^, teat pipette*. 
Paraffin, 10 per cent IsaOH N HCh 

Method — To 50 ml urine in a separating funnel, add 2 mL 10 per cent 
\aOH and about 100 mL paraffin. Shake well, allow to separate, drain off 
a* much urine layer si possible. Wash by shaking with 10 mL 10 per cent 
\aOH and draining off (The shaking and separating can be done in medieme 
bottles, by decanting and tucking off but a separating funnel is more convenient) 
If the colour u to be read in the \esaleraer add 50 mL N HO if it is to be 
read m the comparator add 18 mL b HCL. Shake well allow to separate 
and dram off aa completely as possible into Neaslenrer tubes or comparator 
cells, compare with coloured disc. If globules of paraffin remain suspended 
in the HC1 extract and make the reading of the colour difficult, the extract 
should be pasted through a filter paper If the colour is too strong dilute 
1 1 with N HC1 and re read. 

Baooit, B B,i Uwxrairxn, S (1943) J M 111, 290 

Kixo, E. J., & Gilo oust \L (1944). FuU methods ftr mepamm M*£e*l Jtnr* nk 

C**i tcil Werner** dum M-L^X 23. 

& (I945T L*mcrt ]une 30 514 

MWS«. J 3L (1943). J b*cJ. Or*. 141 529 

Mr K B Williamson 

1 Photomi crogra phs of sporcamte-cantainmg stomach cysts of a labora- 
tory bred female CvUs bitaemorimteha photomicrograph sporoioite* of 
another Similarly infected laboratory bred female of the same tpeaes photo- 
micrograph of Ross 5 black spores m another laboratory bred f ema le of the 
as me tpeaes experimentally infected with Phrmadinm rmtx and drawing of 
the tame showing assoastion of the black spore* with sporozoites and dmnte- 
grated stomach cysts. 

Z Photomicrograph of a bladder of Utmdana showing captured anophe- 
ine larva, and the trigger mechanism discovered by Llotd by which captures 
are effected. 

3. Coloured photographic transparencies showing bnck red water-bloom 
produced by EugUna kaematodes after rotting of cm reeds in nee fields in 
Penang, shown in acco mpan ying photograph, s procedure antagonistic to the 
breeding of malam-carrying mosquitoes f\V ATKTT M. 1921 Pretention of 
Aft Una in Malaya pp. 213 and 363). 

4 Model of an automatic sluice-gate and photographs by Colonel J W 
ScHAiFF and the exhibitor (K- B WnittMKJCf) of larra-coutrol by naturalistic 
measures m chi ding water splashmg herbage packing, palro-Icaf covering of 
ditches and well*, and anti- larval ffniang 
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PAPER 


RECENT RESEARCH ON KALA-AZAR IN INDIA 

BT 

H. E. SHORTT c I.E., u.d D-se. coc. i>ij. (ret.) 

Rrader m Method Parasitology ZJtonmty of London. 


Historical. 

The history of research on kaU star may convenient!) be divided into 
three periods Firstly there la the period during which sc nous epidemics 
of fever were described in Bengal before the actual causation of these fevers 
•was known. Secondly there is a middle penod, commencing with the 
discovery of the paraaite of kali tzar and leading to the earlier work on the 
morphology of the parasite and the pathology of the disease and thirdly 
there u recent work dating from the penod when effective means of treatment 
were discovered and interest was aroused in the problem of transmission of 
the disease At the account I am giving tonight deals chiefly with this third 
penod I shall deal with the first two very briefly but the) must be considered 
as the work done during the earlier penoda led direct 1) to the more recent 
developments in research on kala azar in Tndi« 
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Eariv Period 

The earliest rrc<5rd* of epidemic fever* occurring in Bengal, and * bowing 
a high mortality date from epidemic* occurring in Jessore one of the cxntnJ 
diltnet* of Bengal about the year* 1824-25 In the Burdwan district, to the 
south-west of the province, a r mi far epidemic raged between the rear* 1850 
and 1875 About the *ame period a fever with a very high mortaiit) to 
epidemic fn the Rangpw district in the nortb-eajt of Bengal, and from here 
the disease *pread eastward* mto the neighbouring district of the Giro Hill* 
in Assam. 

The descriptions given of these various epidemics by contemporary 
writers, such a* ElUOT and Freccu leave little doubt that some at least, of 
these outbreaks were kala axir The possibility that epidemics of malaria 
may also hare occurred over a penod of so many year* cannot be ruled out, 
and indeed, such outbreaks were highly probable. 

The high incidence and fatal character of the fever as seen in Assam 
after its spread from Bengal, made necessary u* investigation with a view to 
discovering its cause and, if possible, effective treatment. It was studied, 
therefore, in this province by Rocem in 1S96 Ro» in 1899 and m 1904 by 
Bextlet These workers were unable to differentiate the condition as a 
specific disease and considered it to be either a specially severe and intractable 
form of malaria or malana complicated by other infections, while the 
possibility was mho considered that it might be ■ disease allied to Malta fever 
These investigations maj be considered to close the early penod of 
investigations. 

Middle Penod. 

The middle penod commences with the recording by Lomdiax m 1903 
of the disco very of a parasite in the tissues of a ca*e of what was then known 
in Bengal as Dum Dum fever His m ate rial was postmortem material 
from a case of the disease which had died in 1900 

In the same ) car (1603) Doxotan independently obtained the tome 
organism in the spleens of living cases of the disease. On the publication of 
his discovery Cjuustomhw was immediately deputed to work on this newly 
discovered parasite, and in 1904 and 1905 be published ha classical work on 
the pathology of k*b «r«r In 7904 Behtlet recorded the parasite from 
Assam, and so established it as the arose of the fever in that province, which 
was causing such havoc, and waj locally known ss kala-axar At the same 
time the parasite was recorded bj Castellaxi from Ceylon but tins observation 
does not seem to have been repeated. 

In 1904 Rogers obtained cultures of the parasite, and thus demonstrated 
the fact that it was a flagellate, which he at first considered to be a trypanosome 
This observation was repeated by CmusTOPirEjrs, and the flagellate nature of 
the parasite established 
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The next important step in thi* middle period was the discover) by 
Patton m 1907 that the parasite assumed the flagellate form when ingested 
by the bed bug This development death pointed the wav to the probability 
that the disease was conveyed by an insect \ector Mackie, who was working 
on the disease m Assam m 1913 was the first worker to suggest the genus 
Phlebotomus as deserving of study in connection with the problem of 
transmission During the whole of the period so far dealt with all attempt* 
at treatment of the disease had failed complete!) but in 1915 Rogers introduced 
to India treatment b) tartar emetic which had been used by Cristina and 
Car ON! a m Europe in the treatment of leishmaniasis This treatment was 
found to be highly specific for kala * 2 ar and from thus date up to 1921 the 
treatment of the condition with the inorganic salts of antimon) was widely 
used and its efficacy established bv Rogers Mum and Knowles and other 
workers. This date may be said to close the middle period of research on 
kala axar so far as India is concerned. 

Recent Period 

Since the introduction of the disease into the Gar© Hills in Assam from the 
adjoining districts in Bengal the disease had continued to spread alowly east- 
wards along the valley of the Brahamaputra River One of these outbreaks 
was at its height in the Garo HtUs m 1882. B) 1891 the disease was very 
prevalent in the district of Nowgong further eastwards, and by 1910 the 
Golaghat sub-division was already heavily infected B> 1917 the Sibsagar 
sub-division still further eastwards was involved in the epidemic spread of 
the disease up the valley From this date onwards a new epidemic commenced 
which, in the course of a few years involved the whole of the Sibsagar 
sub-division while at the same time the whole of the country to the west, 
previously traversed by the disease was equatU heavily infected. These 
epidemic conditions were not limited to Aram, and serious outbreaks of 
epidemic ks!i axar were co-ex u tent m Bengal, Bihar and Orissa. The state 
of affairs was so serious and was having so profound an effect on the economic 
life especially of Assam, that the Government of India felt impelled to institute 
a full scale enquiry into the causation and prevention of this disease which 
in a short period of about 5 years during the height of the last epidemic m 
the Nowgong area, had caused one fourth of the arable land to go out of 
cultivation, and one fifth of the population to perish. 

I have now brought the story to the period about the year* 1921-22, and 
from this time onwards very widespread and intensive research has been 
earned out in India on all aspects of the kala axar problem — epidemiology 
transmission, treatment, diagnosis and prevention. It will not be possible 
for me m the time at ray disposal to deal anything like fully with all these 
aspects, some of which I shall, therefore, only touch upon in order to deal 
more fully with the question of transmission of kala axar, which his been 
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the subject of the greatest amount of research work done in connection with 
this diaeate. 


EriDtinoLooT 

There u * considerable literature on the epidemiology of kala-axar but 
I •hall confine my»elf for the take of those person* not familiar with thii 
•object to t very bncf statement of the history of kab azar epidemic*. So fir 
a* wc know the north-eastern part of India i* the only place where very well 
marked epidemic* of the diseote hare occurred. The condition in merit other 
part* of the world where the disease out* take* the form of a higher or lower 
gride trvderaictty The trend of event* when kab azar attack* a new are* 
it beat exemplified by Attain . Thii province, previously exempt from thit 
dite**c, became infected *omewhere about the rear 1873 by extent: on of the 
disease from the neighbouring district* of Bengal, Dinijpur and Rangpur 
which are tepa rated from the Garo Hilit m Attam by the Brahamaputra River 
The Gam Hilit area w*t devastated by a severe epidemic, which wa* *t it* 
haght in 1882, and by 1891 the disease wa* prevalent m the Nowgong diatnct. 
Between 189! and 1901 thii dutnct suffered to severely from epidemic 
prevalence, and the destruction m life and the lots of productivity to the area 
wat to great that the word* kala-tzar from that date have always * truck terror 
in the mind* of the people of Attam in afi district* where the diaeatc ha* 
appeared. I have already mentioned the extent of this destruction to fife and 
agriculture. 

The mter-epidcmic period, commencing about 1901 bated until 1915 
but the diteaac kept up a steady mtidtout advance along the valley to that 
by 1907 or 1906 the Gobgbat tub-dmaion was infected, and by 1910 the 
diaeaae had reached the Sibtagar aub-divuion. About 1915 there commenced 
the mott recent of tho tenet of epidemics, which may be *ald to have come 
to md end about 1927 or 1928. In the cate of a disease where there is a 
considerable prevalence even during inter-epidemic period#, tho exact date* 
of the subsidence or recurrence of epidemic* ire not easy to demarcate but, 
as a general statement, it may be said that tince the diaeaae first appeared m 
A turn there hare been period* of 10 year* epidemic prevalence followed, in 
each case by mtcr-epidemic period* of 15 or 20 year*. If history la to repeat 
ittclf the tone t* now due for the occurrence of a new epidemic, and if thi* 
i* to follow the course of pre-snout epidemic* it is likely that new country in 
an easterly direction, will be implicated This would mean the invasion of 
the hitherto free territory of the Lakhimpur sub-dimioa. The only thing 
I am aware of which might make any difference, as compared with the course 
of event* in the past, i* that during the bat epidemic we had available an 
effective t r eatment for the disease where none existed previously The 
application on a large scale of this treatment during the 1915-27 epidemic 
undoubtedly saved a very large number of five* and, which i* more important, 
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gr^itl) restricted the number of new infections This was brought about by 
the fact that early m treatment the parasites disappear from the peripheral 
blood and such persons arc no longer sources of infection An interesting 
point to be noted is that the widespread institution of treatment was not 
accompanied by any shortening of the duration of the epidemic, which declined 
ic areas where treatment had not been instituted at the same time as m those 
areas where treatment had been pushed. 

Prevalent forms of the disease 

The disease may be said to exist m two forms. Firstly there is the 
typical form where the patient suffers from a long continued fc\er which may 
have a rapid or slow onset, which is accompanied by great enlargement of the 
spleen and sometimes of the liver and ends when untreated in death in s 
very large percentage of cases Secondly there is the dermal leishraanoid 
form m which a case of tala azar which has been treated, later develops a 
condition m which the parasite gives rise to various lesions in the skin while 
the internal organs appear to be free* of the parasite This condition may 
sometimes occur m the rare cases which become cured without treatment. 
This form of the disease was first described by Brahmachaju in 1922, since 
when a great number of cases of this condition have been brought to light, 
especially m Bengal, but the condition is found also in Assam and m Madras 

Theories in connection with the Transmission of Kala-azar. 

This part of the subject I must treat somewhat more fully as the bulk 
of research work has been directed towards the discovery of the methpd of 
transmission of the disease In previous papers I have classified the various 
theories under certain heads and I still find this the most convenient means 
of describing the work done in India, so I will again describe these theories 
shohly in the same way The heads I refer to arc — 

(а) Transmission not requiring an arthropod vector 

(б) Transmission requiring an arthropod \ector and 

(c) Other possible methods of transmission, 

(a) TRANSMISSION NOT REQUIRING AN ARTHROPOD VECTOR. 

Put in its simplest form, this means transmission by contamination, which 
may be either direct or indirect. 

Direct Contaminative Transmission 

For successful transmission by this means two thing* are necessary 
first, that the parasite should be excreted from the body of the infected person 
in viable form, and secondly that tins form thould be capable of producing 
infections in a new host through some of the mucous surfaces of the body in 
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tie mouth, nose or conjunctm. Both these conditions necctssrr to direct 
contiminatire tnmmmioiM, have been proved to curt. Thu*, it has been 
•bown that the parasite* of kala-axar are crcretcd in viable form In the unne 
and m the nasal aecrctiona by successful culture in the firat case, and in the 
second ease by infection of animal* by inoculation with nasal accretion*. The 
second condition ha* been fulfilled by the proof that the pa ran tea of the 
dj lease can produce infection both when administered by the mouth and when 
placed on the conjunctiva and, m addition there hare been a few experiment* 
where the di*e**e appear* to have been successfully transmitted by keeping 
health) animal* in prolonged close contact with infected one*. 

In 1935 FontNOt and Zia, working in China, showed that Lrukmm* 
donocam was frequently present m the natal accretion of cases of kali mi 
and that such parasites were viable. Thu observation wai repeated in 1935 
by the author and Swamikatii for Indian kali azar and again it wu shown 
that the parasites were viable by the successful inoculation of a hamster Here, 
then i* a possible method of direct contaminative transmission where, m 
sneezing or coughing droplets containing the parasite* might be deposited on 
the conjunctiva or on the nasal or oral mucosa. 

Indirect Contemn at ret Transmission 

Tilts method would necessitate the excretion from the body of the 
parasite in viable form and the power to lire outside the body for varying 
period* until introduced into a new host via the mouth or some of the other 
routes which have been mentioned. The latter of these essential factors, for 
indirect transmission has been investigated m various ways, such aa the viability 
of the parasite deposited on soil or in milk, and also when exposed to desiccation 
The parasite would appesr to fulfil the necessary conditions to some extent, 
since it was found that it would lire in whole milk for at least 4 days, while 
atrated milk may even serve ss a culture medium. The parasite deposited 
on seal, moistened by water or urine, lived for 24 hours. Drops of culture 
containing the pari site, when dried on a cm as h p we r e able to stind desiccation 
for 4 hours 


(i) THAimtauox rrqci»i?ro am AJtrmtoroD victor. 

The fact that the parasite of kah-axar circulate* in the peripheral blood, 
and that when ingeitcd by certain insects it develop* into a flagellate, made 
it obvious that the possihiGty of transmission of the disease by some blood 
sucking insect hid to be investigated. Pattom initiated such researches when 
he discovered that Lnshnarua icmovnm flagellated in the midgut of the bedbug 
(Cower sp ) \ anon* other insects have been investigated in this respect, 

such as the genera Conorrkutms and Pklrhotownu various species of mosquitoes, 
CuBcotdet and other arthropods such as bee and ticks. The only instances 
in winch Letikmama donortm is found to fligdlate regularly is when it b taken 
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up by Omex ind Phlebotomus The large amount of research expended on 
the bedbug led to nothing but discouraging results and the only arthropod 
which has given results which I think mac be considered conclusive is the 
sandfly It n in connection with this insect that most of the work relating to 
transmission of the disease has been done in India, as well as m other countries 
where the disease is prevalent. Since the subject of this paper is recent research 
in India I will confine myself to the work done in that country 


Sandflies and Transmission of Kala-azar 

The only species of the genus Phlebotomus which has given any indication 
of connection with kala azar transmission in India is Phlebotomus argent ipts 
and an) reference I now make to sandflies may be taken as referring to this 
species 

History 

There is no doubt in my own mind that the first worker who dealt with 
Phlebotomus argentipei in connection with kala azar was Mackte in 1915 He 
was working on kala tzar in Assam and among other insects dissected sandflies 
(unidentified) although he made httle progress as regards investigating 
transmission of the disease. He almost certainly dissected Phltbolomvs argentipes 
and I am led to this conclusion by the fact that he mentioned finding m his 
sandflies a peculiar body which I am able to ta> was one stage of a greganne 
parasite, which occurs in Phlebotomus erg entires He also made the observation 
that sandflies were the only insects which would repay further research in 
connection with kala azar transmission. Nothing more seems to have been 
done in this connection until in 1922, 1923 and 192-1 in Assam, the author 
and Swamtnath diisectrd sandflies now for the first time definitely identified 
as Phlebotomus argentipes These flies were caught in kala azar houses, and 
were found to contain mammalian blood. The results of this work were not 
published until 1924,. when the work was described in a paper delivered at 
a meeting of the Assam and Northern Bengal branches of the British Medical 
Association in Assam. 

Although the actual record appears to be lost, there ts no doubt that in 
1922, Sintov m a private communication to K?.owles pointed out that there 
ippeartd to be some correlation between the distribution of kala-azar m India 
and that of Phlebotomus argenlipes 

Later m 1924, the sandfly was finally brought into the limelight by the 
publication of a paper by Knowxes Natteb and Smith, in which the fact 
was established that Leishmama donovam when ingested by Phlebotomus 
argtnlipes assumed the flagellate form. 

It was at this stage that the alarm caused by the sen ous epidemic of 
kala azar raging in Assam convinced the Government of India of the necessity 



for a toDt comprehensive *tndr of the ca u sa t i on of tha The rook 

of tha dear cm tm the appointment of the Kala Azar Common cm, co mp osed 
of CHTiiTortrrrs it Dirrctor Srobtt u Protaroologm and Buouro as 
Entomologist. The Commission to to work m Atom, md an lnciBry 
enquiry was co mtitn tcd to carer on work in Calcutta. The member* of tha 
enquire were k-Xowtrs \ inn and other member* of the staff of the School 
of Tropical Medicine m Calcutta. The Kala Azar Com m i ss io n functioned « 
constituted until 1926 when Cmurrornm wa» recalled for other duties, and 
SHorrr beca me Director of the Commotion. The latter wai strengthened 
br the appointment of Ckjuchead and l ater of Smith and KwJHXAX Almost 
immediately following the appointment of the Comminwn tber were able to 
confirm the flagellation of Leuhr^aa imreexi m the gut of WWo.'cmr 
srrjrtfipvr and went on to describe the ext en non of the flagellates mto the 
pharmx of the sandflv Everr hope wa* now entertained that the drmonit ration 
of the tranimuron of kala azar br the sandfly would be quick It obtained, 
bnt the actual course of the researches winch followed ha* ihown bow far tha 
was from being the case. 

The first pomt investigated was the life hotory of Lnshwuran dontrem 
m the mseci, and this wa* futh- worked out br 1928. The detail* of tha, a* 
well a* the presumed course of event* m the human host, are indicated in a 
diagram shown on the lantern -slide. The Bfe-batory faUr confirmed the 
opmion that animal ex per im ent* should now quick It demonstrate transmission 
of the disease br the bile of the sandfly The only difficulty likely to a me 
in d emo nstrating thu was the fact that no very suitable animal wa* at first 
available, because of the relative It small ausceptibiEtT of most of the usual 
bbotatorr animal* to small doses of parasite*. Tha difficultT was o vet come, 
however when Smtlt and \oexc (1924) discovered the great susceptibility 
of the Chinese hamster when expenmen ta Dr mfeaed. A rrry huge senes 
of e xp er im ent* with animslt wa* instituted, and to show the extent of these 
experiments I give a few figure* thus 2 A3 mice were fed upon 9 490 time*, 
and thirty -five blunter* 3,353 time*, by sandflies prewjoslv fed on kala- azar 
case* After all these experiment*, conducted over a period of over 4 years, 
m ohIt one case was kab arar transmitted to an experimental annual. Tha 
was m the case of a Chinese hamster which had been fed upon 144 times by 
Phltbti o r ui arinhpa The animal sra* examined 511 days after the 
c om mencement of the experiment. 

Previous to tha ruccrasfut transmanon, the failure of work with 
ex p er im ental animal* had led as to the use of human volunteers, a step rendered 
justifiable, in spite of the dangerous nirure of the disease, by the discovery of 
a verv effective method of treatment- Without going mto full detail* of tha 
ex p eriment it will be sufficient to sir that m all eleven human volunteers were 
fed upon 11.S37 times by flies which had previouah-Jbeen fed on kala-arar 
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case* and refcd two or more times to allow the infection full} to develop 
These human experiment* were entire!} negative tn tpite of an intensity of 
feeding much greater than would ever occur in nature. 

By the time the*e experiments had been completed, m 1931 the epidemic 
of kala azar had declined Thu and the disappointing result* of the 
experiment* with human volunteer* led to the decision to close down the 
Rala Azar Commission until the possible occurrence of another epidemic 
which would render available enough material m the wa> of ka|a azar case* 
to renew investigation on the method of transmission with all the information 
gathered in the course of 7 years stud} available 

In order to lead to the reason* which caused me to renew the work on 
kalt azar transmission by the sandfl} I should say a few words on the bionomics 
of the sandfly and describe the actual technique employed m the experiments 
whjch hare ahead} been mentioned 

Bionomics of Phlebctomus argentiptx 

When this insect first came into prominence m connection with the 
transmission of kala azar vety little was known about its life history The 
result 9f this ignorance was soon apparent when experiments with it came 
to be carried out. 

It was found that these flies when fed on blood, deposited their egg* 
4 or 5 da} s after the blood meal and then almost mvanably died. This fact 
held up attempts at transmission of the disease by this fl} for n long tunc and 
it was.onl} after the discovery of the conditions necessary to its continued 
life after ovipoaition that experiments in transmission by infected flies could 
be earned out The flies seldom survn ed opposition except at a temperature 
of 28° C or 1 or 2 degrees abo\e or below this These are the condition# 
which actually prevail in the hiding places of this insect, m crack* or crevices 
throughout b considerable pan of the year in Assam. 

Adult flies are found in nature throughout a great part of the year m 
Assam and North Eastern India, but they are absent during the coldest months 
of the year from December to February Survtval of the flies between one 
season of prevalence and the next most probably occurs chiefl} if not entirel} 
in the larval stage Only the female tucks blood and auch a blood meal is not 
only necessary for the maturation of the batch of eggs but also for the 
development of a fresh batch of eggs after each ovi position. Fertilization of 
the female tandflie* occurs soon after batching and one set of fertilization 
appears to suffice for the whole subsequent life of a fly The irudgut of the 
sdult fly is noraull} stenle so far as bacteria are concerned, and it is this fact 
which allow* the derelopment of Leuhmama donotxaa In this situation 
infection of the gut with bacten* seem* invariably to result not only m the 
destruction of flagellates but in the death of the fly 
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Feeding Experiments 

The sequence of nmti in carrying out any particular experiment on 
tram mm ion bj the sandfly «uu follow* — 

Laboratory bred aandfltcs were fed on * cue of kala-cxar *h owing para* itc* 
in the peripheral blood. These flic* were then kept at a temperature of 28° C 
for 3 or 4 days, during which tunc the blood meal wu digested and the fly » 
cnarie* developed fuD) On the 4 th or 5th day the fly cmpoaited and was 
ready for a second meat. Thr* second and subsequent roeab, at interval* of 
2 or 3 day*, arc essential for the continued life of the fly and the meal* were 
either on the kaU-axar case supplying the original parasite*, on another kala-aiar 
case or mo*t frequently on an experimental animal — rabbit or mouse. It 
waa found that complete derelopment of the flagellate infection m the sandfly 
had taken place by the 7th to 9th day after the original feed The infected 
*and fly waa then put on the animal or human being we wished to Infect at 
it* third or *ub*equent feed. 

Thu was carried out for *ome year* on the *c*Ie I have already indicated 
without *ucceaa except tn the one case I hare mentioned, and the fact that 
In no case was a human infection obtained left unforged a very obriou* mining 
link in the chain of transmission before one could *ay with confidence, that 
the sandfly wu the rector of the human disease. 

In 1940 Smith Haldes *nd Ahmed working on kala aiar in Bihar were 
carrying out transmission experiment* with Pklebctowau erjentspa on line* 
similar to those I hire described above, but they eventually developed a 
technique for keeping sandflies alive, after their initial feed, by feeding them 
on fruit juice instead of blood. The principle followed was the same as that 
used in the keeping a Eve of mosquitoes after their blood meal. By using this 
technique. Smith and Haldz* were able to keep alive a considerable percentage 
of their flic*, after only one blood meal, for 7 or 8 day* by which tune there 
was a heavy infection of flagellates in the midget and pharynx. These flies 
were then given their second blood meal on the animal it was proposed to 
infect. By this means they were able, tn several instances, to infect hamsters 
and mice. 

The development of this feeding tech ni que made me decide to mike one 
more effort to infect human volunteer*, usmg the method of keeping flies alive 
by feeding them on fruit juice in the interval between their first blood meal 
and the meal on the volunteer it was intended to infect. The technique for 
keeping the flies alive has been fully described by Smith and IIaldex, and 
I need not go mto details of it except to say that the fruit used for feeding the 
flies was dried rusms- 

In the new senes of experiments which were now started using this 
technique fire human volunteers were used. These volunteers came from 
a non-endemic area, and continued to live in that area except on the day* on 
which they were required for feeding experiment*- They were selected after 
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t very strict medical examination, including \-ray and serological examinations 
In all respect*, except that the sand flic* were fed on fruit juice instead of blood, 
the experiments were similar to those which had previously been earned out 
with h uman volunteer* The present senes however gave us the astonishing 
result, considering past failure* that out of the five \oluntecrs used, every 
one became infected with Lala-axar It is difficult to get away from the 
supposition that this result was due to the feeding on raisin* this being the 
only factor diffenng from those present in previous work on the same lines. 
However, wc have no idea, at present, as to what difference this alteration in 
diet made to the infectivity of the flie* Smith wa* of the opinion that thi* 
technique caused the oesophagus and pharynx of the flies to be blocked with 
parasites as the result of the heavy flagellate growth This however had often 
been seen in flies fed on blood and was fully described b> the speaker Barra ud 
and Craighead in 1926 This condition is shown in the lantern slide. 

In a first attempt to see whether there is any difference in senes of flies 
fed by the old and the new’ techniques, comparative batches fed initially on 
the same kala azar case, and at the same time, were kept apart, one batch being 
refed on raisins and the other batch on blood. So far as the expenments have 
gone there seems little if any difference in the two senes but the results of 
these expenments have not been published as yet, and they are far from 
complete. Both the intensity of the infections and the number of flies infected 
showed no significant difference in the small senes so far experimented with. 
Whether the feeding on plant juices produces some difference in the pH of 
the gut content* or some other difference which makes the flagellates more 
infective I am not m a position to say but in face of the evidence this would 
appear to be so and the point is one which might be worthy of combined 
investigation by protazoologists, entomologists and chemists. 

In a recent issue of the Indian Medical Gazette Malove and Brooks 
(1944) have brought up the question of transmission of kala azar by the sandfly 
once more, and the whole of their paper is devoted to an attempt to show that 
not only is the evidence for sandfly transmission of the disease inadequate 
but that the sandfly could not possibly be the vector of kala azar It is curious 
that these two workers who so far as I know have never done any work 
themselves orv the transmission of ksls arar should attempt a destructive 
criticism of all the work done by others in proof of such transmission and 
1X1 f act they lay themselves open to a complete refutation of their assertions 
were one inclined to imtiate- a contest in polemic*. This is neither the tune 
nor the place to indulge m this recreation, but the article is recommended 
for study to those interested in kala azar trsnsmosiQn, with the personal opinion 
that *o far from disproving transmission by the bite of the sandfly the paper 
has merely proved the danger of treading on ground with which one is 
unfamiliar 


V 
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(e) OTHEH POMTBLE METHOD* or TRA.<l>riJJIO.*< 

The only other po»ible method of trail *mr*sioo which ha* received toy 
attention, wo the pozribibty that ankyloatomes might play a part in tran trail* ion. 
The fact that the mu coot membrane of the m teat me aoroetunc* con turn 
LcuMmama dottocan in cnorroou* number* m the villi, and tbit theie helminth* 
are blood feeder*, make* it certain that in feeding they mutt often mgeat the 
par** tea. 

Ankylo*tomc infection I* exceedingly common m kala-axar area*, although 
not nrceaaanly more to than in other treat suitable for Much infection but 
thi* co-exi*tence at !c**t ratacd the po«fbibty that the hehmnth pirmte ought 
play tome part in trammbiicm of the protozoal pazxaite, however little the life 
hiatory of the anfcyloatome would appear to make it auitable for auch a role. 
All work however done in thia connection ha* given entirely negative reauha. 

Before leaving the question of tr*n*mts*ron, I may mention here although 
I hare not been able to deal with It fully in my account, the ranoua po**ible 
method* by which Infection of experimental animal* can be produced. Thia 
wfU indicate bow complex the problem of tranamiaalon waa found to be in 
the earlier atagea of reaearch. All theae method*, which are aet out below 
had to be fully investigated before one came to the present, and I think generally 
accepted, idea that trantmaaioji by the bite of the aandfly u probably the final 
aolution of the problem of transmit*! on. Tranaml**ion of kala azar ha* been 
produced m all the following way* — 

(1) By inoculation of the flagellate and non flagellate stage* of Lsukxtma 

donoexm through variou* rtxitea. 

(2) By intn peritoneal inoculation of the mao-pharyngeal *ecretion of 

kala axar caaea. 

(3) By feeding on emulcon* of brer or spleen containing Letdtwtomm 

Jokjcoio 

(4) By feeding on culture* of LetiAwtcoa dottoctm. 

(5) By feeding on the faeces of infected animal*. 

(6) By close and prolonged contact, under insanitary condition*, of heahhy 

and infected animal*. 

(7) By feeding animal* on aandflie* containing LttsJunaxtM domovan with 

which they bad been infected by artificial feeding on liver and *pleetl 

emulsion*. 

(8) By the contamination of the conjunctiva with infective material. 

(0) By intrapentoneal inoculation of emukion* of Pkltbrtoma argent tfn, 

fed on kala azar case*. 

(10) By the intrapentoneal inoculation of emuUlon of Cxmtx *p fed on 

kala azar cate*. 

(11) By the bite* of Pkletxrtamts argtnttpn infected by feeding on kaia-am 

caaea. 
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Treatment 

I have already remarked that until the beginning of the last great epidemic 
of kala-aiar there was no effective treatment for the disease and the mortality 
from it was probably around 90 per cent, of diagnosed cases. The fact that 
this state of affairs has been altered to the extent that the mortality of treated 
cases can now be lowered to a figure round about 5 per cent, gives some 
indication of the success which has attended research on therapeutic methods 
The first notable advance was the use of antimonj salts by Vianna m 1913 
Two yean later Rogers introduced for Indian kala azar the treatment already 
used by Cristina and C aronia m which disease it was found most effective. 
The salt first used was potassium antimony tartrate but this was later superseded 
for the most part, by the sodium salt which was found to be less tone and more 
easily tolerated Knowles (in 1918) earned out a valuable senes of tnals of 
these remedies, and laid down standards for the dotage and methods of 
administration of these antimony salts The new method of treatment, while 
a great advance, and while resulting in a great saving of life was still a tedious 
one. The cure occupied 3 or 4 months after which a considerable number of 
cases were found to relapse, while others proved resistant to the drug 

The next step in treatment was as great an advance as the original 
introduction of the antimony salts This was the preparation, in 1922, by 
Brahmacharj of a pentavalcnt compound of antimony to which he gave the 
name urea stlb amine. This preparation came into prominence after trials 
earned out by the present speaker, and Sen from 1922 onwards. The result 
of these tnals was to show that the new preparation was enormously more 
effective than the salts of antimony previously in use, and the treatment of 
the disease was cut down to fewer weeks than it had previously occupied months. 

The success obtained all over Assam and Bengal with this preparation 
led to the introduction of various other compounds, which are either identical 
with or very similar m composition to urea stibamme. 

The next composition which was extensively used, was Von Heyden 471 
also known as stihosan, which was populanxcd by Napier. A composition said 
to be an improvement on this was later marketed under the name of neo-itibosan 
and this also was widely used. 

In recent years the therapeutic action of various aromatic di ami dines has 
been investigated in cases of kala axar Adams and Yorke, in 1939 first 
treated a case of Indian kala azar with diamidino stflbene. The same workers 
reported the treatment of a second case in 1940 Further cases were treated 
with this drug and reported on by Napier and Sen m 1940 Alarming symptoms 
m the course of treatment m some of the cases was reported. A further senes 
of 100 cases was reported on by Napier, Sen Gupta and Sin in 1942. The 
results were said to compare favourably with those produced by neo-stibonn 
but igam the occurrence of troublesome and e v e n alarming reactions was 
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reported in mott of the case* treated. The drag was tud to be effectrvt m 
some cna rautint to antimony 

In 1943 iSAMOt and P C- Sex Gotta published an account of the 
treatment of thirty two cases of kala-axar with another of the aromatic diamidmet, 
namely diamidmo-di-phenoty -pentane (M & B £00) They atated that the 
diteaac was apparently cured to twenty mne of these cases The immediate 
reaction* to the injection* were similar to those with da mi di no * til bene, bat 
were of a milder degree. The danger of too early publication of tuch remits is 
exemplified by the fact that a follow up by P C Ses Gotta of these case*, 
over a mere 6 month* period, ha* *hown that more thin one-third of the cases 
relapsed. 

So far as I know the result* given by these later preparation* hare shown 
no advantage over the original area ttibamme, and 1 notice from a recent 
publication by Lowe, a* well a* from a conversation I recently had with him, 
that he ta still uttng area itibamme for the many cases seen by him in Calcutta, 
and that m hi* opinion it is as effective aa any of the newer preparation*. 

Besides the itandard treatment with urea atlbairune lasting for 2 or 3 week*, 
various method* of intensive treatment, where the drug is given at much more 
frequent interval*, have been tried and art, apparently often enough to produce 
a cure. It i» diffienh to sec how any future treatment can show any marked 
improvement on that now available in these antimony preparations, where the 
cure of a di*ca*c, for which previously there was nothing to prevent a fatal 
termination, can be ob tamed sometnuea in a matter of days. 

Cubical Diacxosis. 

Aa I am dealing chiefly with more recent work I need not go into the 
question of the differential clinical diagnosis of kala-tzar since I have nothing 
to add to what w found m the textbook*. The only remark I would make it 
that the disease moat likely to cause a confusion it infection with one of the 
enteric group The usual mode of onset is very similar in all these disease* 
and the fact that there are aberrant case* in them all, such a* those with a sudden 
onset, doe* not make the clinical diagnosis any easier we must, therefore, 
have recourse to laboratory method* for a definite dtagnom. I shall not do 
much more than mention these laboratory method* ** they aho are to be found 
m the textbooks, but a few remarks on seme of tbem may not be out of place. 
The more important of these methods are given below 

Methods of Direct Excmmclton 

(a) Spleen or fiver puncture with microscopical examination of stained 
smears from these organ*. Thi* is the method of choice for the great majority 
of case*. 
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(i) Sternum puncture, and examination of * tamed smear* of the bone 
marrow extracted. Thu method I consider less reliable *t least than spleen 
puncture, but it would be the method of choice in the case of a postmortem 
performed a considerable time after the death of the subject or experimental 
ammaL This is because the parasite* after death seem to disappear as the 
result of decomposition more rapidly from the organs than from the bone 
marrow 

(c) Microscopical examination of the peripheral blood This, in the hand* 
of an experienced worker, will give a positive result m 80 per cent, of case*. 


Cultural Methods 

(a) Culture of the material obtained bv apleen, liver or sternal puncture 
This is probably the most certain of all methods of obtaining a definite diagnosis 
{b) Culture of the peripheral blood This method mil give a positive 
result m over 90 per cent of case* of kala azar 


Xeno-Diaptosts 

This is merely an academic procedure whereb} one produces a flagellate 
infection in Pklebotomus argenhpes fed on the peripheral blood of the case. 

Chemical Diagnosis 

Various test* have been employed in which chemical agents arc brought 
m contact with the serum of kala-axar case*. It ha* been shown by Llovd 
and Paul (1928) that m kala-azar there are marked changes in the composition 
of the serum, the most important of which is a great increase in the total serum 
globulin, and the euglobulin fraction and an absolute decrease in the serum 
albumin resulting in a great raising of the globulin albumin ratio It a 
presumed that this is the reason for some of the reactions to be mentioned. 
The first of these was — 

(a) The globulin precipitation test of Brahma chart described m 1917 
In this test the serum of a kala azar case is muted with twice its volume of 
distilled water A marked precipitate indicates a positive test, 

{b) Spaceman m 1921 introduced a modification of the formed gel test 
used by Gat£ and Papacosta m syphilis. This teat, or modifications of it, 
wa* later popularised by Napier. 

(c) Chopra, Gupta and David in 1927 introduced the urea stibanune or 
antimony test, later modified by various workers. 

Complement Fixation Test. 

Early attempts to devise a complement fixation teat for kala azar were 
not very successful. Little interest m this means of diagnosis was taken in 
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India until comparatively recently Iwtoci and Rat ( 1942 ) reported aata- 
factory results m * renal] tenet of ore* of kah sxar tmrtg an antigen prepared 
from Leuimxxia culture*. More recently the molt encouraging remit* hare 
been obtained, curiously enough, with the me of an antigen having no 
relationship mth the parasite of kalt-crar This antigen ia that ongmiDy 
prepared by Witebmt KUNGEcnrct and Kmc. from the human tubercle 
baa Du*. This tat was denied for the diagnosis of tuberculoats but the 
results »rere poor and it u cunotn that it ibould now apparently prove of 
great value in the diagnosis of kala-azar 

The fim worker to me thi* teat aeems to hare been Bus m cases of South 
■\ men can Imhnumuu. These ran It* were confirmed m India bv Lowe and 
Gieval m 1939 By uung thn, or tome modification of thu test, it aoon 
became evident that a valuable aid to the early dia g ra m s of kali rear had been 
discovered In a re port on a »enea of 434 cares, coming for diagrams See 
Gctta (1943) obtained a positive reaction in 172 out of 177 cases dugooaed 
as kala-axar (97 per cent). A large number of control cases gave nega tiv e 
results. 

The reaction apparently becomes pore live very early m the course of the 
disease for instance, within 4 weeks of the onset of dlnaa. The preparation 
of the antigen for this teat presented some problems owing to difficulty in 
obtaining adequate quantities of culture* of human tubercle baaflus. The teat 
was, therefore, modified by using an antigen prepared in the same nay from 
KtMOWirr'a baalhn, which gives a luxurious growth on glycerine broth in 
3 week*. The technique adopted was essentially the same. The number of 
case* investigated with thi* new antigen waa over 900 [Deluding cues of afl 
km da of disease*. The resu Ha of tha particular investigation have been reported 
on as follow* — 

The number of case* investigated was 920 In case* otherwise proved 
to be kala-azar a positive reaction was obtained in 93 per cent, of case*. A 
doubtful reaction waa obtained m 6 per cent, and a negative m 1 per cent. 
Of all case* likely to be considered in the differential diagnosis of kala axar 
99 per cent, gave a negative reaction, wfade 1 per cent, gave a doubtful reaction. 
A positive reaction waa given br a rmalj proportion of obnorn cases of chrome 
pulmonary tube rcu lores. Thu test gave a positive reaction m some cases of 
kala-azar within 3 week* of the onset of iltneaa. 

Such early cases are alway* negative to the aldehyde and antimony test*. 
It will -be aetn here that the per c e n tage » lower than that obtained when the 
original antigen was used, but rt seems evident that tha teat wiD be of value 
m the diagnosis of early cases. 

P reven tion and Control. 

I we accept the sandfly trzn nutation of kala-axar there a no easy way 
to control the disease, except by attacking the aduh stage* of the sandfly 
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Attacking *ny organism m the ground and it is here that the sandfly breeds 
a difficult. On the other hand the sandft} is a delicate insect and very vulnerable 
to insecticides which can reach it. Its habit of going into minute cracks and 
crevices in houses or in the immediate neighbourhood outside them would 
make it necessary to bring the insecticides mto these situations but any attempts 
so far earned out have been tentative and on a small scale There is no reason, 
however, to believe thst if the newest methods used against other insects were 
continuously and conscientiously applied throughout the sandfly season that 
they would not h*\e t large measure of success 

The only other preventive measure which undoubtedly had great success 
during the last epidemic m Assam, is paradoxically enough treatment of the 
disease. Very early m the course of treatment it ts found that parasites disappear 
from the peripheral blood, and the case is no longer infective to the sandfly 
The beneficial effect of this in preventing the infection of new cases may be 
resitted when it is stated thst in the peak ytsr of the epidemic in Assam mer 
60000 esses were treated and the sources of infection for sandflies 
proportionately decreased. % 


Summary 

An account is given of recent research in India on the epidemiology, 
transmission, bionomics, treatment, diagnosis and control of Indian kali azar 
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Discussion 

The President, Sir Harold Scott Tou have all hard this interesting and 
to me, very instructive address. Those who hare read Colonel Shorty's 
paper mil remember that he issue* a warning of the danger to those who try 
to speak without sufficient knowledge, or on ground with which the) are 
unfamiliar Therefore I will keep aw«) from the question of recent research, 
but I should like to sav a word or two on the historical aspect, which has been 
more my study than the actual practical aide Colonel Shortt mentioned 
m passing about ankylostomiasis. It was the original suggestion made by 
Giles m 1889 that, whatever it might be elsewhere kala azar in Gauhati 
where he was working was ankylostomiasis and that it was obviously absurd 
to attach an) pathognomonic importance to the enlarged spleen m connection 
with the aetiology of kala azar His reason was that splenomegaly was so 
common in healthy people He thus fell mto one error by the same process 
as that by which he evaded another if he had reversed his statement and 
said that splenomegaly was a *) mptom of kala tzar and the presence of hook- 
worm was common in apparently healthy persona, he would have been more 
nearly correct. Investigator* in those days were still tied up with the bed bug 
theory The bed bug is the most artful of insects. It has been charged with 
causing disease after disease — kata axar plague, leprosy *nd hosts of other 
things but every time it has just escaped by the skin of it* teeth — if it has 
teeth. It will probabl) be caught some time Patton said not very long ago 
that the bed bug theory was nearly complete Colonel Shortt mentioned the 
enormous number of 9 490 feeds on truce and 3,358 feeds on hamsters over 
a period of 4 years with only one positive result. I do not think he mentioned 
the possibility that infection might be conveyed through the body fluids by 
the sandfly being crushed on the skin m the act of feeding Or even by the 
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fleet* of the fl) contaminating the skin. I have nothing more to say except 
to congratulate the Society m ha ring prevailed upon Colonel Sho*tt to gin 
this interesting address 

Ml] -Gen Sir John Taylor I remember well the disappointment that 
wa* felt when we had to wind up the Kiia-azar Comtmuion without having 
accomphahcd a successful transmission to human volunteer* by the sandfly 
and, a* far a* I recollect, Cokmel Shoitt at that tune expressed the opinion 
that this would hare to await the occurrence of a new epidemic wire. In the 
meantime a new technique wa* developed for retaining the aandfly alive for 
several successive feed* so that it would reach the infective stige. In the earlier 
experimental transmission work with hamster* I do not thmt the very heavy 
feeding wa* successful in any large proportion of cases, but by Colonel Snorrr’* 
own endeavour* the human experiment* were subsequently earned out in 
Assam with 100 per cent, of successes. The condition* of the experiment 
were very different from those m which 1 1,000 sandflies were fed on Urge 
number* of mice, and the point anse* as to whether the success m this latter 
period had anything to do with the particular epidemic phase, or whether 
it wia entirely due to the new technique of maintaining the sandflies. One 
cannot make a 100 per cent, claim that it has been proved to be the normal 
method of transmission, but a very prolonged consideration of the other possi 
bill tie* tend* to confirm the opinion that it probably is. Amongst the eleven 
different methods which Colonel Shoutt mentioned a* bang tried for trans- 
mission the successes were very small, whereas In this cate of the five human 
volunteer* it wa* 100 per cent. It would be very important that we should 
know to what extent the aandfly in nature hi* successive feeds and a duration 
of life corresponding to what were the conditions of the experiment ? That 
I thmk is of primary importance we want mare information on the point. 
In India the subject has not been dropped. Now that with this technique 
s u cce ssf ul transmission has been obtained with Pklrbotomu mrjenhpts we ought 
to have experiment* earned out with the other species of sandflies and, in 
particular the » p eo e» prevalent in the areas in China, the Sudan and the 
Mediterranean where kala-aaar also occur*. These, I think, are experiment* 
that would possibly strengthen the case for the sandfly being the normal vector 
We are still confronted with many problems of kali rrar particularly the 
factors that are concerned in the long cycles of epidemic prevalence at varying 
level*. One might speculate on possibilities relating to virulence and develop- 
ment of immunity but there is nothing at present one can bring forward ** 
likely to be capable of proof in the matter The question of prevention b 
certainly one of the most difficult. We know from what ha* been done on the 
study of sandflies in India, particularly in relation to sandfly fever that control 
j very difficult, but the use of new insecticides along with bouse spraying nay 
be our best Lme of defence In the future. I was In Assam as Director d 
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Pubbc Health at one of the most serious epidemic periods when we started 
extending the tnumony tartrate treatment on a Urge scale this involving two 
intravenous injections a neck for 3 months It was a trying business for 
all concerned with the disease scattered all over rural areas with poor com- 
munications and it was a tremendous relief when pen ta valent compounds came 
into use In a period of a fortnight eight injections produced results equal to 
those obtained with antimony tartrate m 3 months. We are m a better position 
to deal with epidemics and save lives nowadays but, w the application of insec- 
ticidal methods over thousands of Milages and rural areas, to get the local 
people to persist in the work will not be easy We are still likely to have, m the 
event of another epidemic wave, a problem of -very great magnitude 

Sir Philip Manson-Bahr The explanation of the raisin diet in the trans- 
mission of Lcuhmanta donovam was certain!) an enigma. Under natural condi- 
tions it was generally accepted that female sandflies live exclusively on blood, 
but was it possible that they also had a \ egctablc feeding stage ? Glucose is 
necessary for the sustenance of malarial plasmodia in culture and also m the 
blood stream, so might it not be this dement which promotes proliferation of 
leishmanial flagellates in the body cavity of Phltbotomiu ? Regarding the 
treatment of kala arar experiences in military cases had not always been happy 
He had been consulted about one extraordinary instance which had drifted 
into a hospital in South London after a year’s illness during which time it had 
been regarded ss some form of carcinoma. The course had been mostly afebnle, 
whilst the enlargement of the In cr and spleen had been of such a degree as 
to present the clinical picture of an enormously bloated abdomen to which the 
spider-like extremities were attached. But the most remarkable feature was 
the extreme anaemia The haemoglobin was estimated at 10 per cent, the 
leucocytes as 400 per cmm. 

Repeated blood transfusions were without effect and there had been no 
response either to tttlbamidtne or to antimony gluconate. It really seemed 
that, in certain circumstances m this war ottr treasured drugs seemed to go 
astray Emetine no longer cured amoebic dysentery quinine was sometimes 
ineffective in malaria and antimony in kala axar 

Air Marshal Sir Harold WhUtlngham May I take this opportunity of 
congratulating Colonel Shoktt on the excellent work that he and the Kala-aiar 
Commission have done m India, and compliment hrm on the excellent sections 
of the sandfly he has shown us today One of the chief points he has made 
is that Phlebotomu u probably the insect vector and in this connection it is 
very important to be able to breed the sandfly in captivity also to extend its 
hfe as far as possible for transmission experiments The first time the sandfly 
was ever bred in captivity was by the Royal Air Force Sandfly Commission 
m 1922 and 1923 in Malta and m England. The work was done with Phltbotomus 


pafwtasu, prrmctona and m wmtms bat the problem wu very similar to that 
with P argtnhpa Barra ut) in 1925 before he went out to work in Incfia, 
*l*o the people who went to do kill sxar research m China, nmr to see the 
methods of breeding the sandfly earned out by the R.A.F Sandfly Cotnrms* 
•Jon. At that Ume we were able to keep the sandfly alive for at least 12 days 
sometimes for 2S days. We showed them bow to breed and keep sandflies 
•live and I think credit is due to the R.A.F Sandfly Commission for bang the 
first to breed this insect snd so prepare the way for the necessary disease trans- 
mission experiments. A point has been raised about the frequency of blood 
feeding of wild sandflies. We collected several thousand mid sandflies m 
Walts, m barracks, houses, out houses and hen-houses, and found that com- 
monly they had not had a blood feed for days. \ ou could tell roughly the 
number of days since the last feed by the state of digestion of the blood m 
the stomach and the residue, and quite a number had not had a feed for about 
6 days. This time interval between feeds may help to explain bow sandflies 
m nature live long enough to transmit kali axar 

Dr G Carmichael Low 1 had the same difficulty In keeping mosquitoes 
•live, when working on fi lan axis w the West Indies, until I found out that 
they would thrive on fruit such as banana and fnnt juices. The male mosquito 
does not suck, blood so roust live on such things. Cokmel ShOKt solved hi* 
problem by using raisin*. When epidemic* of kala saar are on, the sandflies 
must be in * condition to infect people easily and if one could get them in the 
same condition in the laboratory then one should be able to infect volunteers 
without trouble. Colonel Sirorrr’s work dearly shows that the sandfly is the 
common infecting agent of kala szar The destruction of these pests will, 
however be no easy matter 

Dr C A Hoar* I should like to know Colond Sriomr’s views on one 
epidemiological aspect of Indian kala szar to which no reference has been 
made in h» interesting communication. It i* the question of possible reservoir 
hosts of the infection. 

In other types of human leishmaniasis it has been demonstrated that some 
of the lower mammals serve as reservoir hosts from which the infection spreads 
to mao. The evidence is especially striking m the case of oriental tore which, 
m rural areas of Russian Central Asia, is a natural disease of desert rodents 
(especially gerbOs) whose burrows are infested by the sandfly rector la 
the case of visceral leishmaniasis there is some evidence pom ting to the dog 
as a re se rvoir host of infantile kala-tiar In fact, it is conceivable that both 
oriental sore snd kala axar represent xootuats i*-, essentially diseases of the 
lower animals which are communicable to man. 

The epidemiological role of these animats ts supported by the fact that 
they are closely associated with sandflies. In Turkestan these insects breed 
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all the year round in the burrow* of wild rodent* which represent the foa 
from which cutaneous leishmaniasis is disseminated among human beings As 
regards visceral leishmaniasis it ha* been shown that m Tashkent infected 
sandflies have a focal distribution restricted to place* where there is a con- 
centration of dogs * 

However, the position rcgardtng the classical kala-azar of the Indian type 
is quite different, for up to the present all attempt* to incriminate dog* as hosts 
of Lnshmania donovam in India have failed. Nevertheless it is difficult to 
admit that thus disease, which is *o closely related to the other forms of human 
leishmaniasis should differ so markedly m it* epidemiology 

It is possible therefore that Indian kala war is also a natural disease of 
Borne lower mammals — other than dog but hitherto undetected. The position 
with regard to the two types of visceral leishmaniasis (Mediterranean and 
Indian) is comparable to that of cutaneous leishmaniasis in Central Asia. While 
m rural areas the reservoir hosts of L tropica are represented b\ wild desert 
rodents in urban districts their place it probably taken by tome other animals 
possibly ‘domestic rodents or hedgehogs. 

This problem obviously stands in need of further investigation The 
diicovery of animals naturally infected with L donovani would be of consider- 
able epidemiological importance In the first place by revealing the source of 
human infection it would help to elucidate the distribution and incidence of 
the disease In the second place, it would provide a method of prevention and 
control by attacking the reservoir hosts This method has already' been suc- 
cessfully applied both in the esse of oriental sore and in the case of infantile 
kala tsar 

Dr C M Wenyon On the subject of maintenance of sandflies in cap- 
tivity referred to by Colonel Shortt and Sir Harold Whittingham I 
remember that in Malta in 1913 I was occupied m trying to keep sandflies 
and in one instance succeeded m keeping a captured sandfly ahve for over 
40 days (20tH June to 5th August) I kept the flies m porous pots covered with 
game and standing in saucers of water The flies were given an opportunity 
of feeding on myself every 2 or 3 days I published a note on my technique 
but the paper I think has long since been forgotten.* 

Colonel Shortt has referred to the demonstration, by Patton in India 
that m the bed bug the parasite of kala azar wall develop into flagellates The 
observation was regarded by Patton as proving that the bed-bug was the 
vector For s number of yesrs Patton and I cro**ed swords over his chums. 
It appeared to me that the leishmama did cot behave in the bed bug as they 
would be expected to do in a true host. They showed little evidence of exten- 
sive multiplication and did not establish themselves as a permanent infection. 
It was clear to me that the stomach of the bed bug filled with blood was func- 
• Vfmrcrs C. M. U013). J Ltmdxm Sck. trop Med. *, 170 



tiomog merely as a culture tube. I was able to show that other organism* 
beetles tbe lctshmania were able to develop in the stomach of the bug- 
organisms such as Trypatototn* Umn of which there could be no question 
of the bug being the transmitting agent- Thu capacity of development In 
the atomach of the bug has muled many into supposing that the bag a * 
vector but in all cases the bug has been completely vindicated. 

At one tune tbe flea was regarded aa a vector of kala axar in tbe Medlter 
ranean area. In Malta I tested this theory by transferring to two young dogs 
imported from England about 400 fleas taken off a dog suffering from kala-anr 
In a few weeks time the two dogs in a flyproof enclosure began to k*e condition 
and finally died, both on the same day I found that the 400 fleas bad multiplied 
and that many thousands of fleas had abstracted blood from tbe dogs to such an 
extent that they had died of a profound anaemia. At postmortem examination 
the organs were quite white while the spleen was reduced to a diminutive 
sue. When the dogs were dipped into a solution of lysol to kill the fleas the 
liquid which ran off then b<>dies was like pure blood. Needless to say there 
was no evidence whatever of a Icishmama infection. It seemed clear thit the 
Itahan workers, who were the chief expoaenta of the flea-transmission theory 
hid mistaken the natural leptomonad of the flea for the parasite of kah-axar 

Colonel ShokTT has spoken of the sandflies taking up Icishmama from 
the blood, where of course they do occur I would like to ask him whether 
he thinks the sandflies take up parasites from the skm rather than from the 
blood. They arc known to occur in macrophages in the skm as was first shown 
by Cinurromou in his most excellent report on tbe pathology of kah-aaar 
published in India in 1904 • Again there n post kala- tzar dermal leishmaniasis, 
where kuhmami occur in Urge numbers in tbe papules characteristic of this 
condition- Do sandflies infect themselves from such papules and if they do are 
they capable of transmitting kala-axtr ? On the subject of post kala azar 
dermal leishmaniasis, I am reminded of a case of leuhmama infection described 
to me and since published by Captain BDSCHEtALt of tbe U S-A-Jvl C- Thu 
was in an airman who had served in Sialy whose only complaint was swellings 
m the neck. Finally diagnosis was established by exdsion of one of the enlarged 
glands. In smears of the cot gland definite Icuhntmii were found. There 
were some slightly enlarged glands in other regions but no other symptom*, 
while sternal puncture gave a negative result. I wonder what is the explanation 
of this condition ? 

I was interested in Sir Philip Mahsoh Bah* a experience with tbe drug 
sodium antimony gluconate which I gave him for the treatment of ■ case 
of kala axar In this case it produced toxic symptoms, which fcs perhaps remark 
able, as it has been used by « number of doctors all of whom report that it n 
almost entirely nan tone. It has been used by Knot with some success in 
CwusroTOias, 8 R. (l&H ) So. Urm Off swrf. ***. Dtp^ Gw ImMa, N’-S- *■ 

f BoaciCKMAL J H ( I943J Ww 7 173. 
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the resistant Sudan cas^s The drug is very convenient to use as it is in solu 
tion in ampoules ready for intravenous or intramuscular injection Each 
ampoule contains 6 c.cm. representing 120 milligrams of quinquivalent anti- 
mony It is issued by Burroughs Wellcome & Co under the name sodium 
stibogluconate, by Glaxo under the name stibatm, in the U S.A. under the 
name stibanose and in the USSR- under the name soluturmin It corre- 
sponds to the original sohistfbosan of German origin. Some of the cases treated 
by Captain' Burchenal, Dr Kirk and others have required more than one 
course of the drug Accordingly in view of its low toxicity, stronger solutions, 
containing up ,to 100 milligrams of antimony per ampoule, are prepared and 
from reports so far received it would seem that these may give even better 
results than the weaker solution 

Colonel Shortt (m reply) Some of the omissions m ray account which 
have been pointed out are due to the fact that I have been dealing only with 
Indian wort:. Of all the question* asked I fear I can answer only very few 
First of all our President mentioned that very many feeds by the presumptive 
vector may be unsuccessful and he asked whether the crushing of flies on the 
skin might not be the method of transmission. That has been tried experi- 
ments have been made to show whether transmission could be produced by that 
means. I think I am right in stating that the Chinese workers introduced a little 
tapping instrument to do the crushing and Dr Jocelyn Smyly mi) know if 
any of these experiments were successful. 

The production of infection is merely a question of the introduction 
of the parasite into the host so that perhaps it could be done m that way 

Sir John Taylor put forward some suggestne ideas as regards Imes of 
investigation. He was quite correct m saying that in the earlier experiments 
with hamsters only a proportion of successful transmissions was obtained 
where** in the human experiments there was a 100 per cent, success rate. 
The question he raised about whether the later success was due to a difference 
in the epidemic phase is one which we have always considered a possibility 
Living through the last epidemic, seeing it rising attaining its peak and declining, 
1 definitely got the idea, although I have nothing in the w^y of figures to support 
it, that the parasite seemed to be more virulent when the epidemic was on the 
increase and at its peak than when the epidemic began to decline. The reason 
I say this is that in the earlier and peak stages there was a very large number 
of acute cases where the patient rapidly developed symptoms of illness and 
the disease took an acute form, whereas m the later stages of the epidemic 
there was a larger number of more chrome cases. It looks as though, possibly 
at the peak period or at the beginning of the epidemic, the rapid transference 
of the parasite from case to case may have enhanced its virulence This is only 
one possible explanation. The fret la that the type of case altered. Another point 
noticed was that the acute fulminating cases seemed more easy of cure than the 
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chronic cua it the later stages of the epidemic. A* regards the eleven metboA 
given by me whereby infections couJd be induced, I mentioned that the mcnaa 
in many of these method* were not mull thru by giving infective mat cm! to 
ha mater* by the mouth wc could infect In a very Urge majority of case*. Tbt 
«me appliea to experiment* on the conjunct! vi and *o on. Sir John Tatxo* ake 
raised the question of the sandfly In nature how many successive feed* 6oa 
It have? We don t know but we know that the aandfly under ordinary condi- 
tion* of the laboratory can feed and lay egg* igam «nd again. By an examioatK* 
of the cranes of a aandfly coming to feed you can generally rtite whether it ha 
already hid eggs, and if that t» so h baa certainly bred 8 or 9*day» became 
hiring laid one batch of egg* we presume h has had one previous feed. We 
cannot say the food was not plant juice, but the only food we can identify is 
blood or blood scrum. I quite agree that having obtained thi* aucccai by * 
particular method we ought to apply It to other sandflies. We have already 
tried other sandflies- so far «* the old technique with blood waa concerned 
without success. I have no doubt that workers in other parte of the world, as 
conditions get more normal, will be trying this, and the same would apply to 
investigations with the aimilar parasite which is the cause of oriental sort. 

I think these remark* more or less answer the question raised by Sir 
Philip M anion Bahr about whether it is ns rural for these Insect* to feed 
on plant juices. A* I *aj I don t know but there is no reason why they 
should not, and the male aandfly probably will feed on plant Juice*. I have 
known it in one case feed on blood. I think Sir Philip AIanson Bahs b query 
quite suggestive as to whether the stimulating factor in the plant juke* is 
glucose. It may be ao A* a matter of fact we tried feeding flic* on solutions 
of glucose. It was difficult to keep the glucose sterile and the results were not 
particularly good. Some of the flies lived and the infection went on but the 
method did not seem quite so successful as when the fly got its glucose, if 
glucose it was, from the fruit direct. 

The question was raised by Dr Carmichael Low about mosquitoes 
feeding on plant*. It was the same technique in essentials that we used for 
keeping the sandflies alive. Nobody suggests that the mosquito feeds on blood 
and then feeds only on plants until Its next infecting meal and there is therefore 
no reason to suppose that the aandfly does so It will certainly feed happily 
on blood if we wish to keep it alive in the laboratory Just as on plant juice, and 
both methods are used. I am glad Dr Low pointed this out a* it may be that 
some worker* attach too much importance to the filant juice meals. 

Dr Hoajw raised the question of a reservoir host. It was obvious that we 
must consider this and, to far as work in India was concerned, we considered 
that point very seriously and examined, naturally first of all dogs, becau* 
they bad been proved to carry the disease in other countries, or at least to 
harbour the parasite. Wo crammed also cattle because these are closely asso- 
ciated with human bang*. The cattle very often are housed at night undo- 
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the tame roof at the people m the houses. I was told recently — I hare not 
found it mytelf — that tomebody hat detenbed the pretence of leishmama in 
a buffalo 

Dr Wenton It wat cutaneous leishmaniasis 

Colonel Shortt I do not think we examined buffaloes, but there is no 
reason why this finding if it was common, should not be repeated straight 
away and the proportion of animals infected found. It is not a disease of 
buffaloes, but they may harbour the parasite 

In reply to Sir Harold WiOTTDs gham I am not sure whether he realized 
— perhaps I did not make it clear — that the sandflies we were using were 
practically all bred in the laboratory We bred man) hundreds of thousands 
of sandflies because it was necessary to have them always available, and the 
breeding technique had to be brought to a very fine art. We had to devise 
a means of breeding them m large numbers and keeping them clear of natural 
parasites, protozoal and helminthic. The whole of the work was done with 
sandflies bred in the laboratory 

Dr Wenton said I did not mention fleas when talking of possible vectors. 
We never did any serious work with fleas m India in connection with kala azar 
especially as we knew of his own results m other places. He raised the point 
whether the sandfly gets the flagellates from the skin or the blood- We have not 
noticed many cases if an\ where the human skin is really full of parasites It 
has been described in dogs and hamsters but we hs>c not found the condition in 
humans. Cases of dermal 1 ashman oid most often occur after treatment of 
kali -azar but they also occur in rare cases which have been cured without 
treatment We have fed sandflies on these and infected the sandflies but 
whether from the skin or blood I do not know In one very marked case, 
where the disease had not been treated and the lesions contained leishmania 
for a long tune we were unable to infect the sandfly from the lesions themsehes. 
We did eventually and then we found that the difficulty was due to the fact 
that the proboscis of the sandfly did not penetrate deeply enough to reach the 
parasites 


I)r Edmund Burke (Contribution to discussion submitted after the 
meeting) 

As one who spent 18 year* entirely in epidemic kala azar areas m the 
Assam Valley bang medical officer to a large tea estate practice, I trust I have 
a reasonable excuse for joining m this discussion cm Colonel Shortt 8 brilliant 
paper When I first arrived in Assam in 1926 very newly qualified, and quite 
ft greenhorn ** I fear I fortunately soon became acquainted with the names 
of those research giants, Shortt Napier, Knowles, Acton and others but 
the teaching and work of Shortt and Napier were of special I should say 
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rial, importance to all in A warn coriceroed in the fight agamat kali inr and 
their auccesa agiiort great odd* was ahvaya a tremendous inspiration to myself 
and other humbler worker*. I would like to aay a few word* a* regard* the 
acction* of Colonel Siiojrrr* paper which deal with (1) prevention, and (2) 
treatment. 

I have published one foil paper on the prevention and control of kala-anr 
in tea estates* and one original preliminary note era modern treatment with 
itibatin (Glaao)f Colwid Shortt mentioned that as treatment with a no moor 
could be ao effect! re, the apread of disease from infected patients could be, by 
thia mean*, well controlled. In Assam, ho w ev e r during the first 4 year* of the 
war and up to the time I retired (February 1944) no drugs were available 
often for month* at a time for the treatment of kala-azar (or for malaria) and 
thi* was during a pandemic of both disease* fa the province, Fortunately 
for most of that time (though not continuously) pyrethrum ipraj solution wa* 
obtainable In the circumstances I decided to concentrate on prevention by 
attacking the adult sandflies by two method* (1) spray falling (2) cutting 
off the enemy a food suppEe*. his vast plant juice w dep&ta, which existed in 
the form of thick jungle of a certain type that abound* m and almost literally 
smothers tea estate*, coolie line* as well, as Colonel Showtt do doubt wndly 
remember*. The deprivation of the source of plant juice* was done by radical 
jungle -clearing from every possible place fa the estate*. In acme case*, owing 
to war tune shortage of bbour or for other reasons, *n alternative method, 
leas attractive to the eye but nrrertheks* quite effective, was to actually spray 
the very jungle itself, concentrating heavily on the plant* nearest the line 
house*. This was continuously and thoroughly done till the tine*, house* and 
jungle reeked of insecticide. 

Sir John Tatlor has just remarked that I his spray faffing method was a 
very obvious and good one, but whole communities everywhere would not 
be able to carry it out continuously With DDT now available — there was 
none m my time — the eff ect! r en eaa of spray mg will of course be more sustained 
and marvellously intensified. On well-run and well disciplined tea estate*, 
where large communities of labourer* are controllable and control of operations 
can be maintained fairly easily tin* spraying method can and should always 
be earned out year in year out, eapeoaDy as suppbea can be easily maintained 
for the work in peace time 

As regard* treatment of kib-aaar I have used practically all the well-known 
older and new antimomal remedies, but I have never used the aromatic nan- 
anti room*! diamidinc compound*, t g., M. & B 744 and M. & B 800 as they 
are not suitable for simple mass adimmstration in tea estate practice for reasons 
giv en m my paper of 1943 I have treated about 8,000 cases of kali arar (1926 
to 1943) and, from 1935 nearly 80 per cent, were treated with Bayer s neo* 

• I mi. G**-, January 1W3- 

tiWi, Juw. 1W4. 
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ftibosan. Since the war began, after supplies of thw compound were exhausted 
m India, 1 fell back upon what was still available of aolustibosan and finally I 
was forced reluctantly to revert to urea stibamme nan) yean after abandoning 
it for mass administration. M> personal experience of urea sdbaminc does 
not agree with the reported opinion of Lowe, of Calcutta which Colonel Shortt 
quoted. In my opinion it is not entirely satisfactory It is certainly not a quick, 
pleasant or non tone treatment, and very careful selection of cases is necessary 
before use \oung children cannot be treated well with it and this is a serious 
drawback in epidemic conditions. 

Sir Philip Mansov-Bahr has told us what a quandary he is in over his most 
interesting but perverse ’ kala-azar patient. Since the outbreak of war we 
in Assam were often in dire despair but for a different reason the lack of the 
wherewithal to treat our cases, as I have stated. 

In my case a heaven sent answer to my fervent prayers arrived at last one 
day in 1943 when Glaxo Laboratories (Bombay) sent me a most generous free 
supplj of their new product, sodium antimony- V-gfuconate or ' stibatm 
(Glaxo) I was the first to try it in Assam. The results were astonishingly 
good in my first senes of twenty-one cases treated in collaboration with my chief 
assistant. Dr K. C Chakra vartt as described m the Ind mtd Gas (June, 1944) 
Chakra varty has since independently desenbed excellent results in a further 
thirty two cases and they all conform to the usual accepted entena for cure. 
Three cases of the senes had bad previous courses of ten to twelve injections 
of urea stibamine. Though resistant to this drug, they responded readily to 
stibatm. Sir Philip Manson-Bahr s use of Burroughs Wellcome Sc Co • 
similar product of antimony gluconate given to him by Dr Went on should 
have had better fortune. Hia patient ta obviously a very rare ex cep non. I 
have had many similarly severe cases, but at least my patients did ‘ co-operate 
when the new atibatin was exhibited. Stibatm, so I believe, n not claimed to 
differ m any respect from aolustibosan, yet the latter produced, in mj experience, 
tone reactions and a fair relapse rate. 

Finally for all the reasons given in my above-mentioned paper of 1944 as 
well as because of the newer concentrated and higher individual dosage now 
recommended by the makers — higher than those I originally considered quite 
bold dunng my experiments — I consider that stibatm (Glaxo) is as good as any 
anti-kala-sxar remedy ever put on the market, and w my opinion it it superior 
to many 

In conclusion may I add my congratulations to those already accorded 
to Colonel Shortt on his very instructive and exhaustive paper 
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I. — LvTHOOUCnO N 

Sleeping uclinen (Trypanosoma gambicmr) has been endemic in part* of 
■die •ouihero Sudan for many yean. It h*i never au limed the serious pro- 
portions that it ha* done in other parts of Africa, but locally it has presented 
many difficulties. The area around Tcmbura was the most seriously affected 
and up to the present the disease has never been eliminated from there 

Control measure* m the pa*t were directed to restricting the movements 
of the people to mm mure the contact between man and fly This reduced 

* Our thanlc* »re duo to Dr E. D Prtdie, dj-O., Director of the Sudan 

Medial Service for permmjan to publah thi* p*per Also to Mr D J Lam* >LA^ 
Medial Entomology to the Sudxn Government, end to Dr IL Knr, Government 
Bjctenologot, for much valuable help end edvtce. 
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»nd controlled the disease, but oecrsnriJy imposed many irksome regtrictkitf 
on their tribal habits and ctKtorn*. The danger alwayg remained that a senooi 
outbreak would occur if these restriction* Here relaxed 

In 1937 Mr C B Stmzj Medical Fotoraologur to the Kenya Government 
and the originator of the “Block system of control of O! out rut pal pah J opt 
ftitapci visited the area The present experiment wa* started in the folkn^ 
mg year 

The main object of thb paper has been to uvr the value of thb method 
of control *1 compared with the pan measures adopted m the Sudan. 

II — The Dirnpcr and the People. 

The area concerned ij the Tembura snb-dtstrict which lies In the sowb- 
wrrt comer of tbe Anglo- Egyptian Sudan on the Ni'e Congo divide The 
two map ahow the topography of the district and the area of the experiment 
In necessary detail 



Tbe country an either side of the divide comirt* of low rolling hllb with 
plenty of open savannah forest. Along tbe divide itself rise many small river* 
and streams. All of the*e eventually dram Into tbe nver Such which enter* 
tbe Bahr el Ghanl tributary of the White Nflc Nearly all these nrer* arid 
ilrrami are Infested with Cwirru pal pahs. 

Table I «how» the average rainfall, and temperature monthly far tbe l** 1 
5 year* (the period of tbe experiment). 
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River \ubd Aria. 

Scale 1 mch *=» 10 mile* (approx) 


Source* \ubu the sleeping sickness settlement founded m 1920 is situated 
5 1' 10* N and 27 # 26' 37* E and is 2,545 feet above »ea level The nver 
Yubu rising here, runs north eastwards crossing the mam road to Wau, 
2 mile* north of Tcmbura. It is later joined by a large tributary the Mayuku, 

Table I 

AYZBAdE TnifTJLVTLTill AND JUDtTAli. *OU*C**, TUBU 1WS-42. 



Mmnuozi Ton pci a rare 
m C. 

Minimum Ten pcntnir 

m c. 

R*m£*U 

January 

14-6 

16 

17 7 

February 

37 -fi 

17 

11 7 

March 

13 7 

16 

53 1 

April 

34 5 

17 3 

147 1 

Msy 

»■« 

17-6 

181 * 

June 

11-6 

18 

170 3 

July 

10-3 

17 3 

150 2 

August 

31-8 

17 

200-6 

September 

11 0 

17 3 

242-4 

October 

13 5 

17 

164-4 

Norcmber 

13 1 

16 3 

111-4 

December 

13 2 

16 I 

10 3 


and eventually drains into the nver Sueh The tsetse fly control scheme 
covered the area from the source of the "kubu to it* junction with the Mayuku 
and the whole of the latter tributary The total area under fly control was 
about 300 square miles with a population of about 15 000 




The cmirrc of the nver \ ubu u iimilar to that of the dhcT nver systems. 
It rue* *1 * tena of imall iprrog* amid drn*e gallery form, and winds about 
considerably Mom of the nver in Block 1 a gallery form. In Block 2 the 
form become* more patchy and the bed of the nver is wider n many 
tributanej jom it In Block 3 the river bed becomes mote definite and the 
form country more open, with an occasional patch of gallery forest. In 
Block 4 the nrer banka are dean cut, aoroe 5 to 10 feet deep and there u Grtle 
or no gallery form The type of n return vegetation here h probably the mm 
luitablc for G p*]patu 

The arrrtch of country running along the frontier it the romt tjenwly 
populated area of the district, a* it n the moit fertile The people belong to 
the Zande Tribe. Evans Pritchard Seucmax and other* have described 
them in various anthropological book* and paper*. They art agrarian, short, 
stocky anti well built They were mainly form dweller* but the advent of 
♦leeping nckne** to their domam forced the Government to alter their mode 
of exit fence when the epidemic was at It* hagbt Inttead of living In small 
family group* isolated in the forma, they were moved along rood* and forced 
to use tpeafted watering place*. Thu fadlitated the control of ileeplng nek 
net*, and effectively reduced It, but for the people themselves created many 
irktome reitrfction*. 

The importance of deeping dekne** in the area u firstly to control it to 
that no major epidemic* occur and then to prevent it* rpread to other part* 
of the southern Sudan where Jr » nor ver endemic. Any acheme which will 
e&mlrute or reduce the duca*e to negligible proportionj will increase the 
economic possibilities of the country and the welfare of it* people*. 

Ill — T he Disease. Brief Historical S cruet 

The posribdity that the di*ea*e might be endemic In the southern Sudan, 
was realized a* early a* 1905 and a commission was tern to mveargate. At 
that time the area under consideration waa bttlc known and administered. 
No ca*es were then fotrnd, though the incidence of G palpcGi was recorded 
(Exsoa, 5 90S). Maurice a account* of the history of the disease m the Sudan 
(Maurice, 1930) are worthy of special *rudy and need not be elaborated here. 

The Infection was undoubtedly Introduced about 1916-17 to the Tembura 
aob-diatnet from French Eqoatona. In 1918 255 cases were found. These were 
segregated near Tembura. In the succeeding years the district was opened 
up «nd many more case* were found This resulted In the forma tioo of the 
ileeping irckne** settlement at Source* Yubu in 1920 In this settlement *H 
case* were segregated with their families. The incidence of new case* con- 
tinued to rise in an alarming manner and m 1923 over 800 new cases were 
found In the Tembura subdimict. There was little doubt that many more 
existed, and the staff was increased to cope with the problem. Sleeping *** 
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new rcgulaoons were introduced and the following u x summary of what was 
done to control the disease — 

(a) New roeds were cut, along the watershed* as £kr as possible ao that ati turn were 
■vended or crowed at right tngict. The population was then forced to lire id one these 
roads end the roads divided up tmonjj the vinous c hief s and lubdutb. Protecnve 
deann**, mam tamed by the people were made at road nver eroaamg* and *t all watering 
places, 

S AD cultrvatrrms and houses had to be within sight of these roads 

A census of the population was earned out. Inspections were done monthly 
of the whole population. 

(d) Trans frontier traffic and traffic through the infected area was restricted 
(#) Hand m hand with the medical work the native admmutrstive authorities (chiefs 
and rub-chiefi) were encouraged and from the first they were expected to enforce the 
regulations. 

These drastic regulations did control the disease and in 1929 there were 
only eighteen new cases 

Seven yean later the incidence of the disease again increased This was 
due to the following factors The disease was no longer so real a menace to 
the people, and the regulations imposed were being 1ms and less strictly 
observed. The area along the roads were overcropped and cultivations were 
being made further and further away from the roads. Alongside the culciva 
turns were new houses Clearings were neglected and inspections poorlv 
attended 

In 1937 the regulations were amended a new and accurate census was 
prepared m conjunct! op with a card index system for the whole population 
The frequency of inspections was reduced to 3 monthly but they were more 
thorough Absentees from inspections from this date onwards bare almost 
invariably been under 4 per cent., and the majority of these are traced within 
2 months. Bayer 205 had in the meantime replaced xtocyl m the routine 
treatment of new cases. As this drug rapidly sterilized th peripheral blood 
of trvpanofomei the isolation of patients in a Ur free settlement was do* con 
tmued The size of protective clearings was increased to 200 yards square 
These measures did not reduce the incidence of the disease as was hoped 
At the time of Mr Stmts s visit the ubu nver system was still providing 
a Urge number of cases and was the most dangerous area For this reason 
the experiment m fly control, was started here. 

TV — The Flt Local Species and Di^tk button 

(fl) LOCAL SPECIES 

Fly catches in the area covered by the block scheme show that over 
98 per cent of *U Glossinc caught were G pci pahs ssp fusapes 

Mr C B Stmes m his report on the possibility of initiating a block 
scheme made the following remarks on the species of fly found in the area 
TTus report is a Government document that has not been published 
~ S pea es associated with human trypanosomiasis 
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G submorssftms appear* not to be connected with human infectum. It 
occur* with palpahs on one area on the BaHn mad on which * light mfectwc 
occurred during 1937 but u far a* It wa* possible to ascertain rn none of the 
heavily Infected area*. It* diitributioc perhaps, overlaps that of G paJpaSs 
on the lower portion* of the ^ ubu and Such riven, and probably on other 
nver* to tbe north, It might possibly hare been concerned with human 
infection hi the- pair, but It 1* apparently not guilty at present. Tbc moratom 
problem u therefore, I consider quite distinct from that of G pa! palls and 
* Jeep log jicknes*. Surrey* and ttvd/et trQ} be required to disco\ er possible 
method* of elimination. 

G fuscipkvru ha* not yet been incriminated in tbe tram mm Ion of human 
trypan osomUns, and little is known of it* habit*.” 

It 1 * considered then that — 

“C palpafis Mp. fusnpes Is the only tsetse fly concerned with human 
deeping *ickne*» in thi* dut net, and It u therefore the only ipede* that need 
be dealt with In any roeamir* designed for the control of the disease ” 

G morn tom exist* in tbc area, though not in any gTeat number*. Screral 
in t ere* ting factor* concerning G mansions hare been noticed by various 
observer* who hair worked here on < leeping sicknea*. In 1908 Em#o* noted 
tbe large number* of thi* fly all the way from Tembura to Bo. a river post 
lotnc 60 mile* Kiuth of Wau. Macuex noted that when he first went to the 
dinner, and before the people were moved on to the rood* that m«t of hi* 
mule* and pooie* quickly succumbed to trypanosomiasis. After the people 
moved oo to the road*, motor* became more common and mule* and ponies 

went out of use. Nhliucz (1930). however record* that after thi* move 

G monslons seemed to leave the road* entirely 

The author* have noticed that ro thi* country (and thi* includes tbe whole 
of Zande dutnet a* cove r ed by Map 1) G mansions follow* game rather than 
human* The A zande ate peinHent hunter*. The game toon leave any 

locality in which they settle. Thu* tbe my advent of people to an area drive* 

away or appear* to drive G mom tans with the game. 

These potnt* are mentioned because Akchtwai n reported two case* cf 
T rhodmensa from thfa area m 1926. The possibility of a change from one 
form of trypanosome to another with a change in the fly rector u quoted by 
BouacunroN (1938) and other*. Thi* might account for AacntoAin s two 
case*. 

G palpalit U by far the most common fly aught In the area and there 
can remain little doubt that this fl? 1* the responsible rector 

(&) Rot's eta or food ro* flt 

The commoner animals that might be food supplies for the tsetse 
buihbock, pig. water buck, bird* rariou* lizard* and other reptile*, firm*, b 
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hit report mention* the following results of preapitm tests which he earned 
out — 

Out of 625 flies e*nght 232 con timed blood in small amounts. 

Thirty -ooe (5 per cent.) were positive to human sera and two to waterbude. The 
positive reaetjoos to human antiserum may mean monkey or human blood. 

Chit of 100 selected specimens taken from the upper kubu aeventj two contained 
blood But none of these were positive to human, waterbuck or pijf antisera." 

Stmes also notes the high percentage of females caught. This he regards 
as evidence of the hunger of the fly Thu has been borne out by our catches 
m the block scheme (see Table II) 

Table II 

n.T CATCHES IX SOCKCZS TXTHJ BLOC* aCHTML 


Year 

Tot*! Mile 

Total Female 

Grand Female. 

Per cent. Female* of 
Total Catches. 

| 1040 

15 0-4 

CO 148 

15,201 

CC-4 

1041 

51 053 

71 4 35 

20 935 

63 -5 

1042 

U 434 

38,402 

18,853 

62 7 


Stmes s figures were from 52 per cent, to 60 per cent- females of the total 
catches 


(c) PUPAE. 

Intensive searches for pupae have been made on several occasions but 
only a few were found. The difficulty of finding them m riverside country 
has similarly been recorded m Uganda (McConnell, 1912 and Gibbens 1941) 
in Kenya (St>ies and Vane, 1937), and in Nigeria (Johnson and Llotd 1923) 

(<f) GENERAL NOTES ON DISTRIBUTION AND BEHAVIOUR OF FLT 

In the main, G pal pahs behaves as has been recorded by other observers 
Gibhins (1941) records that G palpaht is always within 10 yards of the water 
edge unless earned further away by its host. Thu we have not found to be 
m variably the case. It must be remembered that in the Sudan the northern 
limit of G palpalis is reached It u possible that near this limit its behaviour 
somewhat from that under other con di tons further south. Bedford 
(1930) places the limit of G palpahs m the Sudan as 9 N and on a line 
running parallel with the southern boundary of the Anglo-Egyptian Sudan, 
and roughly 100-150 miles north of the boundary 

V — The Development of the Flt Control Scheme. 

The scheme applied to the river ^.ubu area was materially the same as 
that described by Semes (1935) and by Sts ms and Vane (1937) Geographical 
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difference! and a lower fly incidence allowed certain variation*. In Kenya, 
Snus recorded an original fly density of 168 per fly boy day whereas tn the 
\ ubti river *y*tern tbe highest deniity recorded wa* 16-J per fly boy day with 
an avemgr of Dine to twelve per fly boy day at the beginning Out blocks acre 
therefore made considerably longer 

In 1938 fly catching wa* »tancd In Block 1 By January 1939 tbe river 
*i far *j it* croMing! with the Wau road just north of Tembura wa* under fly 
control 1111* wai divided into three blocks. In 1940 Block* 4 and 6 were 
opened and finally Block 5 was opened in 1941 

The *chemc had to be developed dowdy to as to include the whole of tbe 
area. The riser itrelf had to be mapped and *u reeved and all tributaries 
lured and recorded As one section tra* brought under control another ns 
prepared for control The area north of tbe Mayuku ^ ubu Junction was left. 
It wa* uninhabited and not much frequented by the people. 

Fly boyi path* were made on both iidrs of the main nrer and all it* 
triburene* and as ckxc I' possible to the mer banks. In all about 300 miles 
of fly boy* path* were cut 

The barrier clearing* were all made 800 yard* long and 400 yards wide, 
being 200 yard* wide on other »ide of the mer Where a tributary entered 
the mam stream a 'l -*haped clearing had to be made, and here it was cleared 
for 400 yard* along cadi limb of the men 

The clearing* were limited to fise Largely for reason* of economy The 
actual nting of them wa* *Uo affected by tbe same motive, and Clearing* III 
and V were both at road river crowing* where previous imall protective clear 
ing* had been made. Thi* wai not altogether retwfactory as the traffic acros* 
the road* attracted fly and they were not absolute bamer*. Clearing III was 
eventually enlarged until it was 1 000 yard* long but cren then a few flie* were 
caught at the bridge in the centre However tbe flic* aught m the daring* 
were *o few thar it wa* obnou* that the dearmg* acted as falriv effective 
bamer* again*! fly movement. 

The maintenance of there clearing* wa* a difficult problem. The rapid 
growth of tbe local ipear grew neoetmated clearing three or more time* a 
var Varum* Cover crop* were tried out and the moat tuccewful of there to 
date ha* been, colopogonlum. A* the reheme progressed, and the dlreare 
incidence fcU. It wm* d coded to cease d earing the numerou* troall road-rirer 
craning ckanngt, and the watermg place donngi covered by the area of the 
reheme. Instead of doing there, the people were a*ked to maintain the barrier 
clearing* a* a dric duty The work en ruled wa* lea* than a fifth of that which 
they had to do before. 

The moat important clearing wa* Clearing IV as north of thi* there try 
no fly catching In 1943 the maintenance of low fly atche* enabled us to 
cease tbe clearing of all bamer dealing* except thi* one, *o the work of the 
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irlog, klwwlng the amount of debrU to he rtmmcd before tom imp of Colopogonlum, 

clearing cun be completed. 
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difference* and a lower fly incidence allowed certain variation*. In Kenya, 
Stmt* recorded an original fly density of 168 per fly boy day whereas m tbe 
^ obu river system the highest death j recorded was 16 I per fly boy day with 
an average of nine to twelrc per fly boy day at tbe beginning Our block* aetr 
therefore made considerably longer 

In 1938 fly catching was atarted in Block 1 By January 1939 the nrrr 
a* far as its crosjing* with the Wau road ju*t north of Tembum was under At 
control Thu wa* dinded Into three block*. In 1940 Block* 4 and 6 acre 
opened and finally Block S wa* opened hi 1941 

The scheme had to be developed slowly to as to include the whole of the 
area The n\er it*elf had to be mapped and lurveyed and all tributaries 
luted and recorded. As one wet ton vaj brought under control another «as 
prepared for control. The area north of the htayuku 'l ubu jtmenon was left. 
It was uninhabited and not much frequented by the people 

Fly bop paths were made on both ride* of the mam mer and all Ira 
tributaries. and ** dose as possible to the river banks In all about 300 miles 
of flv bor* pth* were cut. 

The barrier clearings were all made SOO yards long and 400 raids wide 
being 200 prds tilde on either side of the nver Where a tributary entered 
the mam stream a -shaped dealing had to be made and here it was cleared 
for 400 yard* along each Lrmb of the men. 

The clearing* were limited to fire Largely for reason* of economy Tl>e 
actual *tting of them was al*o affected by the same motive and Qearmgi ITT 
and V were both at road nver crosringi where preriou* mull protective dear 
mg* had been made Thu was not altogether satisfactory as the traffic arms* 
tbe road* attracted fly and they were Dot absolute barrier* Cl earing III was 
eventually enlarged until it was 1JJ00 yard* long but eien then a few flie* were 
caught at the bridge in the centre. However tbe file* caught in the deanng* 
were *o few that rt wa» obvious that the deanng* acted a* fairly effective 
ha m en agamn fly movement. 

The maintenance of these deanng* was a difficult problem. The rapid 
growth of the local ipear gras* Decern tated dealing three or more time* a 
year Vanosn cover crop* were tried out, and tbe mo*t *ucee**ful of these to 
dale ha* been colopogonlum. A* the scheme progressed and the disease 
incidence feD it was decided to cease d raring the numerous mull mad -nver 
entering clearing*, and the warding place clearing* covered by rhe are* of the 
ichcmc. Instead of doing there the people were aiked to maintain the lamer 
daring* a* a dvic dory Tbe work entailed was let* than a fifth of that which 
they had to do before- 

Tbe most important d earing wai Cleanng IV as north of thu there 
no fly catching In 1943 the maintenance of low fly catche* enabled trs tn 
cettc the dealing of all barrier d earing* except thu one *o the work of d* 
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people was reduced even further and the efficiency of this clearing was increased 
by continual clearing instead of periodic dcanng 

The fly catching was done by small bovs aged from 1 1 to 16 years They 
wore dark blue uniforms and were equipped with small hand nets each bov 
also earned a cane knife or hoe for mam taming the footpaths In each block 
there was a u group ” of boys under a group leader The groups were sub- 
divided into sections under a section leader Each section had a set portion of 
the nver to patrol The number of boys in the section varied according to the 
length of the nver in the section and the fly catches obtained It was found 
that it was best if the boys caught as a team rather than singly or m pairs 
distnbuted over the whole of their section The bop lived in specially made 
camps near thar work- When the scheme was first started there were only 
thirty-eight bovs During the last 5 years the number has increased and the 
total staff employed now consists of six group leaders twenty-*rx section 
leaden and 220 fly bop 

In addition there are three trained overseers who supemze the work of 
the groups in the various blocks 

At the end of each day the flies caught are collected by the section leaders 
and each boys catches are recorded. The flies are divided into male gravid 
female and n on-gravid f emal e Typical specimens are kept for identification 
and if necessary arc sent to the Medical Entomologist- The group leaders 
again check these flies, and at the end of the month they are finally checked 
and counted by the Medical Officer at Sources Yubu. 

Until the end of 1941 a large part of the funds available was spent on 
making new barrier clearings maintaining the old ones and opening up the 
new blocks As the people themselves took over most of this work more money 
was available for the fly control staff. This enabled us to employ more fly 
bop and increase the efficiency of the scheme 

VI. — Result of the ScHZ3.it ox the Flt 

The effect of control measures is shown in the graph. The fly catches in 
the area of the scheme are shown, monthly for the last 5 years. These 
catches are expressed as flies aught per boy per week. The graph also illus- 
trates the growth and gradual development of the scheme over the whole area. 

This method of expressing fly catches per week instead of per hour has 
not been used previously by entomologists and possibly needs some explain 
tion. The whole-time entomologist, with trained and reliable personnel under 
1 -m give full supervision to fly catching With our organization it would 
f- hij impossible to obtain figures per fly boy hour that would have been 

die whole area. Originally fly catches were expressed as so many 
-A^hy then later as the catches became less and less they were 
T^fly boy week. 
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The method ha* in advantages. For example, catches exp ress ed per fty 
boy hour are usually (ample atchc* taken at varying intervals and at tpechi 
localities, for a ihort period during one day Our catch c* arc taken over the 
w htde area for continual work. They thus indicate better the rule run by a 
native using that area for hunting and to forth. 

Experiment* were earned out to obtain coin pa rati re figure* of these mo 
method* of expressing the fly cat che* Accurately timed arches were made m 
one section over a penod of 2 week* The results were that catches of coc 
per fly boy hour were found to be the equivalent of thirty per fly boy week 

A study of the graph shows that in all the blocks a reduction m the flj" 
atebes was obtained quickly In all blocks with in 6 months the fly catcher 
had dropped to very low level*. 

The chief problems we hare found i* the maintenance of these low fly 
densities. The difficulty 1* to decide what t* a safe low demit y and the mmi- 
mnm amount of work necessary to maintain 11 T irmur (1940) found the 
fly could not be eliminated compdetrly by fly archmg method*. It was 
originally suggested that once dcmltles were reduced to a *cry low level the 
remainder of the fly would die out. This was not to. The authors findings 
have coincided with those of Tecsdsle. 

Seasonal variations in the number* of fly aught are to be expected. In 
the rainy season the atches tend to n*e in *plte of the fact that the boy* are 
not at work while It n raining and thus several days work may lie lost per 
month. No definite variation* in the numbers of grand female non-grand 
female or male flies aught were noted during the various seasons. 

In Block n there was the greatest difficulty in maintaining fly catches at 
a low level. Bnt in two sections of this block additional stream* which had 
been dry m later years had water in them These were then dared right op 
to their sources and extra sraff employed. 

Block 2 is approximately 12 miles long, and contains some 100 miles of 
stream. It is the largest block m the whole scheme Undoubtedly we did not 
staff it with luffioent fly boys originally and the overseers failed to notice 
certain beanlv mfested pockets of fly Country 

From May to December 1942 Block 1 was left without any fjy catching 
at all The atches m this block had never been high, and had been main- 
tained at less than five per fly boy week for over 3 years. Fly atching for 1+ 
days was done in July and December 1942, to tec if there had been any appre- 
ciable increase tn the fly It was found to be three per fly boy week in July a»i 
less than one in December Of necessity there must be a time lag before there 
is any noticeable m crease Catches in 1943 showed that by April there 
an increase to over fire per fly boy week. Sections of 0y boy* soon reduced du^ 
and in the succeeding 6 months cat dies were maintained round about rw* 
and a half per fly boy week 

Graphs are kept of the arches m each sea ion of each block per moon 1 - 
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If any sccaon shows an increase the cause w investigated and if necessary more 
boys ire petted to that section. 

Thu* any pan of the. block scheme area can be checked and controlled 
easily 

We have tried to maintain an even ** fly density of five or lets per fly boy 
week. This may teem ridiculously low to tome observer! and although it 
may be considered an ideal u had been attained over most of the scheme by 
1943 and kept at that figure 

To summarise the effect of the scheme on the fly it can be said that over 
the whole area of the scheme the fly catches show a drasne reduction in the 
numbers of fly caught. These low catches have been maintained There u 
evidence that once low densities have been attained and maintained for a long 
period it take* a long time before the fly increase again. Complete elimination 
of the fly u not possible but effective reduction and control can be and has been 
achieved 


VTL — The Effect of the Scheme on the Disease. 

The incidence of sleeping sickness throughout the district since 1918 has 
decreased, especially after 1923 when the population was moved on to the road*. 

fn 1923 over 300 out of 839 cases detected were inferred from the River 
Yubu It will be realized that there is often considerably difficulty tn obtaining 
case histone# The Azande are as suspicious of cross examination and as liable 
to lie as any other primitive African native Movements across the frontier 
and unauthorized change of domicile arc concealed jf possible, from fear of 
punishment In deciding the origin of infection unless there is definite 
evidence to the contrary cases are recorded as having been infected at the 
nearest stream to their home* or cultivations. It will be noticed that the 
incidence continued to declirte after the population in this area were permitted 
to move their homes away from the roadsides (1940) This is evidence of the 
cffcctivcne** of the scheme 

The distribution of cases From 1933-42 within the area of the block scheme 
u illustrated m Table ITT It will be noticed that in 1942 there were only three 
cases and these came from one block (Block 2} where a pocket of fly infested 
country was discovered 

The highest number of cases traced to the k ubu River area w any one 
year was 300 (1923) anA the lowest number was three (1942). 

From 1928 to 1938 the incidence ra this area fluctuated considerably but 
statistics show that 34 per cent- of all cases annually came from the Yubu River 
system Infections from the other two river systems (Mongu and Bski) also 
maintained a steady proportion one to {he other By the end of 3942 although 
fly control had only been In operation for a period ranging from 5 years (in 
Block 1) to 2 years (in Block 5) the incidence of cases m the Yubu River system 
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had dropped to 7 per cent, of the total fen the Tcmbura tubdmnct. Thu wai • 
real reduction and not due to new outbreak* on the Moogu and BtU river*. 

It cannot be uid that there ha* been any dramatic reduction in the 
number of caaa from the area trace the Introduction of fly control, but the 
steady reduction m spite of the freedom of rooremcnt and domicile allowed to 
the people t* cndence of the value of thl* method of fly control in an endemic 
are*. 

Sporadic case* are alwayt liable to occur but In view of the reduction of 
fly population over the Yubu River * y » te m a* a whole, the possibility of the 
diaeaae ever agam retching epidemic proportion a negligible. 

VIIL — Disctrsaitri os tttz Valux or Tin: ExramiDcr 

Control of C pel pahs by application 6f the Block *yitcm ha* now been to 
operation over a comparatively tmatl area for die to*r 5 year*. During that 
period the following result* bare been achieved — 

(a) The density of G palpahs haj been reduced The continued Vr* 
catches are evidence that there are fewer fly 

(b) The Incidence of sleeping ncknev* ha* been gradually but stv*^ 
reduced from * tatty &vc cate* in 1938 to three cases In 1942. The author* 
other* Interested in the experiment have been amared thar vnrth such to* & 
catches, and therefore presumably low fly densities, the disease still exists at 
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Guuuns (1941) quoted fiy catching figure* of two per fi) boy hour a* "safe " 
A companion would mean that figure* of sixty per fiy boy week would be ** safe." 
But he did not correlate hi* fiy catching figures with the disease incidence. Hi* 
figure* were taken m specific localities at varying intervals In thi* experiment 
the figures have been recorded daily for over 5 yean over the whole area. 

There 1 * a definite period between the time of infection and the develop- 
ment of the disease to the stage when it can be diagnosed Therefore one would 
expect a tune lag between the reduction of the disease and the reduction of 
the fly 

(c) The disease has been controlled m *pnc of the fact that many of the 
irksome restrictions, previously considered necessary were removed. 

In 1936 and 1937 deeping sickness was a serious problem in this email 
thickly populated area. By 1940 (after the experiment had been m operation 
for 3 years) the disease incidence had been reduced and the restrictions on 
where the people lived \vere removed By 1942 there was a still further decrease 
in the disease, only two case# certainly having been mfectcd within the area 
in that year The other case only a “ possible," is included m the records. 

Until 1940 the people had to live along the roads and draw water from 
certain specified places The area available for their culmanons was not merely 
limited but was becoming over cropped. The controlled watering places had 
all to be cleaned every 3 months by the people themselves as a a vie duty The 
authors confidence m the effectiveness of the scheme allowed all these restne 
tions to be removed Thus an important area of country was opened up to 
the people for settlement and cultivation. 

The maintenance of the fiy control scheme even with reduced staff under 
war conditions has not merely controlled the disease, but a farther decrease 
has been attained. 

(d) The experiment has provided valuable information concerning the 
practicable pOMibUiues of tsetse fly control in the Anglo- Egyptian Sudan. 

(e) Sleeping sickness is also endemic m the adjacent Oubangui Shan 
Province of French Equatorial Africa. Cross frontier traffic with the natives of 
the other side is impossible to stop and difficult to control effectively as the 
people are all Azande The fiy control area is now a barrier to the disease. 
Any cases coming over from the French side are less likely to start a nidus of 
infection m the area and the reduction of the disease m the area on our side of 
the frontier makes it most unlikely that any cases will go to the French side 

DC — Summary 

(1) A small area where sleeping sickness was endemic w Equatona Province 
of the Angl o-Egyptian Sudan was selected for experimental trials of the Symes 
Block method of tsetse fiy control The area is described 

(2) The disease was first recorded in this district m 1918 Since that date 
various methods of controlling it have been tned and these are described 
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P) Tbc application of the Block method of tactic fly control h detailed 
together with the remit* of the experiment oo the fly and tbc disease inadcacT. 

(4) The effectjvene** of the exp eriment in weoe fly control I* dbamtd 
with particular reference to it* advantage* over the method* prcTtouriy used fa 
thii are*. 
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I — Imtroouction 

In February 1941 an epidemic of sleeping sickness broke out near Mendi 
in Equatona Province of the Anglo-Egyptian Sudan. The area around Mendi 
had always been regarded as a sleeping sickness area (that is an area in which 
the disease might become endemic or epidemic) but no cases had ever before 
Been traced to the district. The only case that had been recorded was an 
imported case in 1908 

This epidemic was very localised, and although only a few cases occurred 
it was quite severe considering the numbers of the population. The origin 
of the infection a not known but illegitimate transf ran tier traffic with the 
Belgian Congo a suspected. This outbreak is of especial interest for the 
following reason* — 

(а) Its localized nature, and comparative seventy 

(б) The experiments in tsetse fly control and their effect on controlling 

the epidemic. 

(c) The data obtained concerning the epidemiology of its spread within 
a small area. 

* Thinks Wre due to Dr E. D Bridie, CLilXk, t>-S.O^ Director of the Sudan Medical 
Service for petmm«o to publish this paper Also to Mr D J Lawn, tl_A. Medical 
Entomologist to the Sudan Government to Dr R. Kim, Government BactcrWo^kt 
and Dr 1 R. Hunt for much valuable help and advice. 
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IL — Tia Dinner axd Iti Ptortt. 

The area concerned he* roughly inside the square bounded by the folknricj 
tinea of longitude and latitude 29° 30' E. to 29*45 E. and A AS Is to 5* O' h 
The Map shows the relevant topography of the country Thu map is not to 
scale, but it shows all that ii necessary and u easy to read. 

The firat caaea arere all found at the tpot where the nrer Eidi crosses the 
road (A). A rcat bouse, the chief ■ house, and a big chief a court were centred 
here. Thu chief vru a particularly go-ahead man, bong the firat chief tn the 
province to build hlmtelf a brick house. A population deaaity map, made t * 
soon as possible after the outbreak had been discovered, showed tbit approxi- 
mately 2,000 people bred in an area of 8 square milea around the place marked 
(A). People were always moving m and out of thu centre and it was the wont 
plice imaginable for a tudua of Infection to be found. 



To w ar ds the end of 1940 the people finding thu area too cr owded had 
taked permission to move and make their houses along a new road running 
south-east to the nrer Nairn. This had been approved, and before the out 
break waa discover ed , several had already done, so. Thu ts of interest in studying 
the spread of the epidemic. 

The people were a nurture of tribes Baka, Mondu, Avokaia, with a fra 

A rand e. Most of them spoke taro or more tribal languages as well as the bastard 

artbic of the south, and the common border dialect of Bangala. People of tH 
the tribes concerned could be found in any one duefthip or sub- chref i h ip. 
These facts complicated the natire idministratKm, and in turn the sppGcatjoc 
of sl eepin g sickness regulations. 

The country along this section of the Nile Congo Divide consisted of hr* 
rolling hills, with many streams and much dense gallery forest. It differed 





from that further rat in that it had more granite outcrops and the depreamon 
type of gallery forest was common 

The river Eidi was a typical example of the men of the area. It started 
u a small spnng on the border winding about between hills and with dense 
forest along its course It collected many small tributaries and by the time 
it reached the chief a house (A) it was about 15 to 20 yards across. North of 
this the dense gallery forest was gradually replaced by more open savannah 
forest until about 6 miles north of (A) all gallery forest had disappeared The 
nver then became very tortuous with man) small cataracts, and rocky pools 
and final})* entered the Naara. Much of its course provided ideal breeding 
grounds foe species of Stmuhvm 

The river and its environs were much used by the people for hunting fish- 
ing and, in the dry season, for the eternal search for forest foods such as honey 
roots and herbs Only a few people lived actually on its banks South of (A) 
there were practically no people at alL The cultivations along it were patchy 
There was remarkably little game along the river A few buffalo waterbuck, 
bushbuck, pig occasionally smaller gazelle and duiker and monkeys including 
colobus could be found. Lizards snd reptiles were common. 

G palpahs was common and frequent along the upper course of the nver 
particularly around the chiefs house (A) Here, a small clean ng where the 
road crossed the nver served no more useful purpose than to make the road 
obvious. In such small clearings tsetse were common. As the forest became 
more open to the north, G momtans was the predominant fiv In Block II 
of the fly control scheme, most of the catches were G morn tans to fly catching 
was stopped here within 9 months of it being started. 

G palpahs could not be said to be present m large numbers anywhere 
along the river which was surprising G marsttans was most common in the 
areas where the game was to be found, and appeared to vary its habitat with 
the movements of the game 

III — The Epidemic in Outline. 

Prior to 1941 sleeping sickncas inspections bad been earned out all over 
the Mendi district once a year These inspections had not been as thorough 
*s m the Tembura area to the west, where the disease had been endemic for 
some years, but approximately 60 per cent, of the people were seen. This 
was considered a sufficient safeguard against a serious epidemic and in 
this instance u proved that it was 

At the end of 1940 the Sudan had been invaded and the war situation in 
the country was very serious The army and emergency war organizations 
needed all the doctors available. In the southern Sudan, and especially m 
the out stations staffs were reduced to a minimum. Not only was staff abort, 
but changes were frequent and the inspection of this area which should have 
been held in August, was postponed. Having due regard to the past history 
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of tleepmg sickness in Mcndi, do one could aay this nu dangerous. The 
inspection was hdd in February 1941 some 60 per cent, of the people mat 
seen, and seven cases of sleeping sickness were found (T gam&tatse). 

At such a tune the danger of the outbreak was serious. To the rro* 
was a part of Z*nde district where the disease had never broken out- To the 
east was Amadi and Morn district with rivers Ideal for and full of, G 
and again the disease bad not occurred here. To the south lay Yen district 
where the disease had once been vnouHj epidemic, but now waa aD be 
n cm -existent. This area was later to prove of military importance In the Afnam 
lines of communication There was much inter tribal traffic in «U directions 
and this would be impossible to stop and difficult to control effectively Those 
who had moved from the central area (A) had gone to new places and mrjht 
start localized outbreaks elsewhere. 

The nver Eidi had never been sun-eyed, and was inaccurately mapped. 
A rough survey of this nver its course, tributanes, and the distribution of the 
people along it were noted, and the recess* p- maps prepared. 

The catchment area of the nver was found to be very compact. Its water 
shed ran along low hi lb roughly 3 miles east of it. \ cry few families lived 
to the south of the chiefs house. The population lived immediately to the 
north of (A) and sloop the nver and the Urge tn butanes which entered it near 
this spot. 

The outbreak was found to be very localized, all the first cases being 
resident m the area Immediately around (A). The following were the measures 
taken — 

(s) A block system of control for G b+lfiatis was started. This was bawd on tbe 
work dons st Sources kubu (Hctkt and B loss, IW5) The first barrier cfcarin* waa 
made at (A) Tbs second and third w ere made 6 and 1 1 miles downstream respectively 
diridm* that part of the nm into two blocks. Outride thu area no cun bad been found. 
The whole nver with rti tributaries inside this arts waa brtnfht under fly ctaitioL I nude 
this control area no people were aikmed to live or to have colOvatkau e xcep t aioof the 
roads. Traffic through the fly control area was forbidden except along nsw roads, and no 
buntm* or forest excnrticet* allowed. Two nsw roads runrung north, and on either ildr 
of the nvsr marked out tbs boundaries of the fly control area. Alou* tbc main road inwdt 
tbs control area people had to havs tberr bouae* m sight of the road end were aikmed to 
draw water only from certain spec ifi ed w str r m n plscrs- Outside the fly cwitrol area n* 
restnetiom acre placed on the people at afl. \\ tiering places on the new tide rosds * ere 
fortunately so placed that they did not connect with the Eidi or its tributaries. Tht* fly 
from the E*di wttc not lAdy to migrate aito the new nvsr systems bemf used. 

(4) AC householders were given numbered discs and an accurate census of the pwT* 
waa made. This census was recorded on cards, one card for each houseboidrr tha 
rwrrtra of those under hit charge being recorded. 

(r) Inspections were held 3-nsonthly of all person*. 

Staff experienced in fly control work were brought over from Source* 

\ ubu to start the scheme locally as there wa* no sleeping sickness staff at Merit 
Unfortunately the person in charge of this, a Sudanese Pubhc Health ovttaeef 
contracted cerebral malaria within 2 months of arriving and had to be inrsh*” 
home. He waa not replaced at once, to both Source* ubu and Meridi kri. 
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bat locally trained southern staff earned on and the fly control scheme veas irf 
full working order about the middle of May 

It was not possible to extend fi) control to areas other than at (\) The 
danger of an outbreak on the river Naam was realized but it was hoped that 
frequent and thorough inspection* would reduce the risk there. 

The labour problem alone was difficult The cultivation season was at 
hand. To interfere with that would probably create a food ahortage m 1942, 
Many people had moved and they had to clear the forest, build houses and 
sow their crops It turned out that those who mo red found excellent soil 
and hid almost record crops — an event even the most optimistic could not 
foresee Huge barrier clearings had to be made in area* of dense gtller\ forest. 
The photographs show the work of clearing that had to be done One of the 
most difficult problems was to rc mo re the tree atumps from the mer bed. 

By the end of 1941 a total of forty seven cases had bren found ill of whom 
had undoubtedly been infected on the Eidi at or near (A) Of these forty -three 
were first stage cases and four were second stage cases This number repre- 
sented about 2\ per cent, of those living m the neighbourhood of (A) 

In 1942 work was at first continued on the same lines as in the previous 
year In May it was feared that other nvera than the Etdi were sources of 
j infection. Of these the Naam was the most likely and in July a localized form 
of G palpaUs control was suited This was a new experiment and is fully 
2 described later Suffice it to say that fly catches here were reduced from 209 
per fly boy week m July to under 10 per flv boy week in December 

This new road down to the Naam was the area which took most of the 
t people who had moved from the orercrowded area round (A) The road river 
i crossing at (B) was one of the best all the year round watering place* in the 
« district and fly catches there were the highest ever recorded m the Sudan, 

^ Among the other rivers so mvolved were tfie Rasuba (D) and the Mbaraba 

is (C) The Rasuba affected less than twenty people and probably was never 
» * danger spot. The Mbaraba was an important tributary of the Mendi which 

ran mto that river just 3 miles south of Mendi town. Two cases were found 
i 00 *he river though they probably had been infected on the Eidu The posst- 

3 , bihty of mfected fly getting to the Mendi and thence to Mendi town was 

* considered a sufficient danger to warra nt the starting of a small fly control 

5 scheme between the Mbaraba and the Mendi road river crossing Fortunately 

no more cases were found on the Mbaraba and this scheme was dropped ra 
1* 1943 r 

In 1942 there were twenty-five new cases, of which twenty-one were in the 
first stage of the disease. Of these cases four had probably been infected on 
^ the Naam. 

^ It* 1943 a further nine cases were found. Of these three were probably 

^ infected on the Eidi and six on the Naam. 

jtfjr This localized outbreak of sleeping sickness was thus brought under 

> control within 2 year* and the danger of its spread minimized by the control 
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metiura ttkcn. Among these the control of G palpsEs toot an important 
place. A further study of the cua Eaa abo provided *otne interesting material 
concerning the epidemiology of the disease. 

IV — Tire Control or G palpmhs IN' THE Area. 

There was no one settled method of fly control in all of the river*. V arpotu 
expenmentj were tried out in different placet. These arc described accenting 
to the locality in which they were earned out 

K. THE CENTRAL AREA AROUND THE CHIEr'S DOCIE. 

A amall block iyatem of fly control was itarted here. This was bated on 
SYUEl ongmal work m Kenya with one or two minor modification*. The 
purpose of tbit control was 

I To reduce the fly in the infected area. 

2. A* thia was the roost thickly populated area to prtmde a fly-free 
and thu* an infection-free area for the future. From prerioin et pen race ft 
waa thought that the reduction of fly denaity to a aafe low level ahould be 
possible quickly and that all source* of infection (infected man a* well u 
Infected fly) ah ovld be eliminated m thin 2 or 3 year*. 

The first map ahowa the layout of the control scheme. This included 
about 12 to IS mile* of river with an additional 60 mile* or go of tributaries 
The barrier clearings were made somewhat smaller than those originally advo- 
cated by Srurj Clearing I was 800 yards long and 150 yards wide on either 
side of the rim - A small tributary the Nambirungwa entered the Eldi in the 
clearing and the up stream end of thia clearing had to be much wider The 
diagram show* this. Clearings II and III were 000 yards long by 300 
yards wide, bang 150 yards on either side of the main stream. These arses 
were largely dictated by necessity It was im p ort an t to get the fly control 
scheme going quickly and labour waa ahort. It was considered better to have 
smaller clearing* winch might prove effective bamers and to have some form 
of fly control working rather than delay the onset cf the work* If these clearing* 
w er e not effective bamen then they could alw ay s be enlarged at a later date. 
It is worth noting that a clearing ba* to be of a prodigious length before it n 
an absolute bamcr to fly movement Provided the clearing was a auffident 
barrier to enable the fly to be reduced by hand-catchmg it was of some use. 

Fly boy paths were cut along both sides of all tributaries, as well as along 
the nver Eidi. Table I ahom the fiy catches m each cf the blocks. By tbe end 
of 1941 no cases could be traced to the area of river covered by Block II and si 
most of the catches in that block were C iwratou fly control waa * topped here. 
This block remained a closed area until the beginning of 1943 when it wt * 
opened up to the people, and ileeping ncknesa restrictions removed. 

The diagram shows the area around the chief a bouse at (A). It will be «« 
that the nvrr curves round from the chiefs bouse to enter Clearing L hod? 
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meuurei taken. Among these the control of G palfxxhs took *n importn: 
place. A further study of the ca tea hi* also provided tome interestmg materal 
co Deeming the epidemiology of the disease. 

IV — Tire Control or G fwlpahs r*< tui Area. 

There nu no one settled method of fly control In all of the nver*. \trkra 
experiment* were tried out in different place*. These are described icconhoj 
to the locality in which they were earned out 

A. THE CENTRAL AREA AROUND THE CmET'* HOOK. 

A *miil block *ywtero of fly control was * tarred here. ThI* wu bared cm 
Stmo cngrrul work in Kenya with one or two min or modification*. The 
purpose of thu control wa* 

I To reduce the fly in the infected area. 

2. A* this mi the matt thickly populated area, to provide a fly-free 
and thu* an infection-free area for the future. From previous experience It 
wu thought that the reduction of fly denaity to a tafe low level ihouid be 
poufbk quickly and that all source* of infection (Infected man a* rrdl a* 
infected fly) should be eliminated within 2 or 3 year*. 

The first m*p *how» the layout of the control *cheme. Thl* included 
about 12 to 15 mile* of river with an additional 60 mile* or ao of trihutark*- 
Tbe barrier clearing* were made somewhat smaller than those ongmally advo- 
cated by Stmes. Clearing I was 800 yard* long and 150 yards wide on cither 
side of the river A small tributary the Nambirungwa, entered the Eldi in the 
clearing and the upstream end of this clearing had to be much wider The 
diagram shows this. Clearing* II and III were 000 yard* long by 300 
yard* wide, being 150 yard* on either aide of the main stream. The*e ere* 
were largely dictated by neccttitr It wa* important to get the fly control 
scheme going quickly and labour wa* *hort. It waa considered better to have 
smaller clearing* which might prove effective bamer* and to have some form 
of fly control working rather than delay the on*et of the work. If the*e clearing* 
were not effective bamer* then they could always be enlarged at a latex date 
It i* worth noting that a clearing has to be of a prodigious length before it n 
an absolute bamer to fly movement Provided the clearing wax a sufficient 
bamer to enable the fly to be reduced by hand-catching it wa* of acme use. 

Fly boy path* were cut along both aides of all tributaries, a* well a* along 
the nver Ridt. Tabk I shows the fly catches in each of the blocks. By the cod 
of 1941 no cases could be traced to the area of nver covered by Block II and » 
roost of the catches in that block were G wtomUna fly control was stopped here 
This block remained a closed area until the beginning of 1943 when it 
opened up to the people, and sleeping «cknes# reatnetion* removed. 

The diagram *how* the area around the chief t bouse at (A). It will be*® 
that the nver curve* round from the chief a house to enter Clearing I Newbf 
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B THE AREA ON THE RIVER NAAM 

It was not until June, 1942, near!} 18 months after the outbreak had been 
discovered that the Naara at (B) was considered definitely to contain infected 
fh When this was decided a tna! fly catch was done and the incidence at the n 
road nver crossing was found to be over forty per fly boy hour Within a 
minute of arriving at the water’s edge I was attacked bv three fly and bitten 
once All the women washing clothes and drawing water by the bridge were 
continually being attacked. As soon as thev saw we were catching fly they 
called to the fly boys to catch the fly off their backs. 

There was no staff to initiate a block scheme of fl\ control so some form 
of localized control had to be effected A central clearing 100 yards square 
was made and from this two rod shaped clearings each 200 Yards long and 
25 yards wide on each side of the river were made Seven fly bo vs were 
stationed at fixed points m this rod protected clearing as it was called 
(Diagram 2 explains the layout.) 



Dnc**vj 2 

Rod p-otected cfwmff oa R. \nm tt Srte (B) on Map p CO 
(Number* refer to pratton of fly txm ) 


In the first week the fly catches averaged 209 per fl\ boy week. This 
was the higheat recorded flv catch m the Sudan The boys stationed here 
catch on one side of the mcr one day and the other side the next. By December 
the catches in the clearing had been reduced to leas than ten per fly bov week 
and the people said that the fly had gone. 

In December a further experiment was earned out Gibbins (1941) 
by placing a cloth screen in the middle of one of his rod clearings proved fly 
travelled along the course of the stream rather than by taking short cuts across it. 
It was decided to experiment with similar screens but to place them at either 
end of the clearing in the hope that all fly would be stopped at the end. The 
result should be that the bo vs m the centre would catch no flies at aH Two 
screen*, fnade out of bamboo and thatch, were put across the nver extending 
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10 yards up either bank. Table II »hows the catches before and after the 
acreena. 

After this it ™ felt that there screcna at other end of the clearing would 
improve the efficiency of any clearing aa a barrier to fly movement and saerm 
were put up at cither end of all clearing* in the Mendi area. In order further 
to improve the efficiency of the screenj two aecondixy screens were placed 
behmd the firat and further out from the ruer so that their inner edges over 
Upped the outer edge* of the central s cr e e u . Theae were called st a gge r ed 
•arena It ra thought that any flv more than 10 Tarda from the water's 
edge would be guided back to the nvrr and attracted by the light and shade 
between the acrrrna. A fly boy was ita tinned on the forest aide of the central 
acreem. (See Plate, fig 2.) 

Tama IL 

n.r CATotn, mam niunvo wom axd Arm mca 

CA iuau i ramB fba ft* *»r irr 
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33 
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0-3 

0-1 

0» 

• i 


The fly catches along the River Nairn at this clearing are ahown m Table III 
The Nairn at thia point waa without doubt a dangerooa area. The people 
for a long way round uaed it aa a watering place. The fly incidence waa very 
high and cases of sleeping sickness had moved there before this disease was 
tfiagnoaable. In June, 1942, cases were found which were almost certainly 
Infected there, and one had to presume that the fly w er e infected. The fly 
control measures reduced the fly ui this much frequented watering place and 
without doubt helped control the disease in this area. There waa no fly catching 
in the river in territory at either end of the clearing and even when the fly 
incidence was high the fly incidence in the centre of the clearing was kept at 
As*w level*. 


a THT StBAJUBA MDUDI AMA. 

Two cases of aleeping sickness were traced to the upper part of the Mbiraba. 
This important tributary enter* it* parent stream about 3 tmles south of Mendi 
town. Both these cases had recently moved to this river without infonmnf 
their chief and without the knowledge of the chief of that area. The possiMh* 
that infected fly might migrate downstream and enter the Meridi and thence 
get to Mendi town waa considered of sufficient importance to justify some fly 
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TA*ut IN 

rt.T CATona, naam oxuctmo Etmam a* fats fxr boy trttk. 
(For r e f e r e nce boy* number* *rr Dagram No. 1.) 



Bpv* Number* 
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4 
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1815— August 

81 

34 

20 

28 
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September 

51 
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9 

16 

22 5 2* 

M 

October 

31 
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8 6 

11 5 
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IS 

November 

53 

H 

3 5 

6 

11 8 5 

16 

December 

10 

4 3 

T» 

ft 

3 0 3 

16 

1943 — January 

26 


6 

10 3 

5 
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February 

11 6 

6 1 

35 

55 

I" 8 

March 

14 3 

4 3 

3 8 


1 • 5 

April 
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• 

5 

7-2 

23 " 

May 

17 

12 

2 

11 2 

0 2 
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June 

67 

6 " 

85 

10 5 

4 10 2 

46 5 

July 

117 

25 2 

♦2 2 

20 

3 | 31 2 

199 2 

A«tu*t 

65 7 

n 7 

18 7 

•6' 

22 3 1 US 

<53 7 

September 

M7 

16 3 

13 2 

1.5 

12 20 * 

3- 1 

October 

13-2 

16 2 

14 7 

13-0 

10 7 2 

11 5 

November 

13 7 

16 7 

1 

10 5 

7 0 2 



control measure in this area A barrier clearing with staggered screens was 
placed at the junction of the Mbaraba and Mend* and a narrow barrier clearing 
with screens was made on the Mendi where it crossed the mam road. The 
block in thin these two clearings was patrolled by fly boys Their catches were 
as follows (per fly boy week) — 

1942 — May June July Aug Sept. Oct. Nov Dec. 

4 5 6 7 25 2 18 3 20 3 10 7 9-6 13 2 

Early m 1943 no further cases had been recorded from pha river so fly control 
was stopped here. It is more than probable that the danger was not so great 
u was first feared. 

The control of G paipahs has now resolved itself into two main camps. 
The one fa\ ours a block system of control with continual fly catching The 
other favours rod clearing* often of great length, and controls the*e with 
periodic test catches. The rod clearing has never been considered as a barrier to 
fly movement, rather the reverse By virtue of the fact that it is unsuitable for 
fly flies are said to move rapidly through it. The same, of course, may be said 
of a big banner clearing The disadvantages of a barrier clearing are its sue 
(if it it to be a real 100 per cent, barrier) and the problem of maintaining It 
« a clearing A long rod clearing is often more destructive of forest than a 
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b*mer clearing for it mint be remembered thit the densest, moat hixnmat, 
snd most valuable timber bes doseit to the stream- Tsetse fly control present! 
different problems m different localities snd it Is necessary to adapt certnn 
metHbds seconding to the needs of that locality 

The rod protected clearing on the Naam with continual fly catching did 
in effect reduce considerably the number of fly in that one place. That wn 
all it was intended to do The value of the screens at a partial bamer to fly 
movement has been demonstrated, and the possibility of localized fly control 
in one special area proved. 

The block system of fly control on the Eidi reduced fly there. Similar 
reduction on the \ubu has also been recorded (Huxt and Blosj, 1945). In 
these instances fly control was needed over a wider area of ri ve r and a block 
system was the only answer 

Further experiments are bemg earned out to find if na r ro w er clearing* 
with screens could be a sufficient barrier to reduce the fly along any stretch of 
river and so hive a place in a block system of fly control. 

\ — Thi EriDDnoLOCT or the Disease. 

It is relevant to «urt this section with a brief note as to the methods used 
in the Sudan for the d 11 gnosis and control of sleeping sickness. When the 
disease is endemic in any area inspections are held 3- monthly At these 
inspections the cervical glands are palpated. Those with suspicious gland* 
are gland punctured. If a case has a negative gland puncture but is highly 
suspicious, it is sent to hospital for further gland puncture and for a triple 
blood centrifuge After the doctor and his trained pal pa tori hive finished, 
the native admmistranon clerks call the roll from their census cards. A good 
inspection is one when over 95 per cent of the people hare been seen. The 
chiefs are given 1 month to find their absentee*. The diagnosis thus rest* on 
palpation of the glands of the neck. Up to 1 000 people may be seen in 1 day 
and the task of palpation, bang largely negative, i* not easy The hot tun, 
oily sweaty *km», and the monotony of the work make it far from a pleasant 
job Cases may be, snd can be, missed but ex pen cnee in the Sudan over the 
last 20 years shows that m spite of all difficulties these methods have kept the 
disease in check. 

Where the disease is not known to cat, but where it might occur mtpec 
bona are done once a year and no accurate census is kept. One hope* for or n 
80 per cent, itten dances, and this should be sufficient to find out if the disease 
ha* occurred. 

In the initial inspection on the Edi 60 per cent of the people were seen. 
Mott of the absentees were women snd children so that it would be fair to tit 
that someone out of 90 per cent of the households was seen. At this inspect* 0 
seven cases of sleeping sickness were found. 

Once an outbreak has been discovered the problem » to locate the pra 
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tyitcm that contains infected fly and to control the persona living along that 
area The fly-nun contact must be broken Fly control schemes take time to 
do thia and the moat speedy method of doing so » to move all person* on to 
road* and to enforce the use of special cleared watering place*. The value of 
fly control i* that it shortens the time these restrictions need be enforced. 

Among the first cases found at the Etch (A) were one person whose home 
was on the Rasuba (D) and one who had within the last 3 months moved to the 
Axe (B) The person from the Rasuba was a court policeman who spent most 
of his time at (A) and therefore was probably infected there The secofld 
person was almost certainly infected at (A) as that part of the N*am and Aze 
had been uninhabited before 

In February 1942 (1 year after the outbreak was discovered) the mother 
of the case from the Rasuba was found to be infected She had scarcely ever 
been to the Bidi as ahe was an old lady and if she was infected there it waa pure 
chance The fiy incidence on the Rasuba was negligible one fly only being 
found by three fiy boys in t day and then under supervision of a doctor 

It was not until 15 months had elapsed from the outbreak that a case was 
found that was probtbh infected on the Naam. After 2 years only four cases 
had been found that were infected on the Naam. In the 3rd year six cases had 
been traced to this river But for the fly control it is certain there would have 
been fsr more 

The problem was to find some relation between the fly incidence and the 
disease incidence, and to find the tunc factor required for the introduction of 
the disease to t virgin area before cases could occur 

On the Naam the fiy incidence was very high yet it took over a year before 
cases could be found. Against this, one has to offset the fact that gland palpation 
•t 3-monlhly intervals does not always find the infection even with care 

In the Tembura area to the west a small isolated outbreak was found only 
after a probable case had been introduced 12 month* previously In this 
instance a woman was divorced from her husband and returned to her home 
She was very ill, and those who saw her said she was undoubtedly suffering 
from advanced sleeping sickness A year later four cases were found on this 
mer 

It would thus appear that to find cases less than a year after the intro- 
duction of one infective case would be lucky That is with our methods of 
control With monthly inspections cases would certainly be found sooner 
but this is neither practicable nor necessary where the disease incidence is low 
The next problem is to correlate the fiy incidence with the disease On 
the Eidi the infection rate for man was high. The fiy incidence was low — never 
mer 30 per fiy boy week. On the Naam the fiy incidence was high yet case* 
were remarkably few and took over a year to find. Fly control measures soon 
reduced the numbers of fly so further data re the infection rate \n man with 
a high fly incidence are not available 
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At Source* 1 ubu (Him and B was, 1JW5) the time gnom*lj of infect*® 
in min with a Icrw fly incidence hi* been recorded. In hit ongmil wmj 
of the area it \ ubu, Symes noted the low incidence of fly and commented 
cm this. 

Table IV concerning thirty of the case* Infected on tbe Eldi, ibows dot 
out of i total of eighty -one cue*, thirty came from ten different home*. Tfat 
u, that ten household* provided orer 30 per cent of the ca*e*. All these home- 
hold* were originally on the bank* of the Eidi and dote to the bndge at (k). 
The fly incidence bang low the only explanation that bear* coni I den non a 
that in that area G pal pahs did not migrate far from people and thu* infected 
thoie using the *acne watering place. Apart from this one would have to think 
of tome other biting fly a* the rector and th*t would have to be a bou*eboid 
rather than a riverain fly G pci pahs doe* frequently follow it* boat far fro© 
water and, *i ha* been mentioned before, wa* found in home* near to the 
coffee plantation. It )• conceivable that once the fly found a good home in a 
home it would feed off all member* in turn and *o make the infection a borne- 
hold one. TTii* household incidence of the dl*e**e ha* not been recorded 
before. Table IV show* the detail* of these thirty ea*es according to therf 
hou*ehold*. In *ome ca*e* there was an Interval of over a year between the 
ca*e* of a borne bang diignotrd a* infected. Thi* suggests that direct inocula- 
tion might have been made. 

Tbe point! of practical value from the*e fact* are — 

(a) The chseaae can eitablrsh it*elf even where the fly incidence is low 
Therefore fly control roeaaure* haw to be very thorough and effective. Expen 
ence m the Sudan augge*t» a safe " low incidence would be under fire per fly 
boy week with continual daily catching 

(4) The mcubation period of the di*ea»e (T lasnhsnu) i* long Ca*e* are 
rarely found within 6 months of infection and it may be a year before the 
disease I* recognizable. It must be remembered that the early lymptom* often 
do not cause the native to ask the doctor • aid. He is far more liable to *u*pect 
magic and to consult ht» own magician*. 

(c) The household incidence of the dt*ca*e in thi* outbreak. 

VI — Results or TaiATUiteT 

The treatment of sleeping *ickne*a case* wa* a* far a* possible standardized. 
Cases were differentuted into first stage, and second or third stage by 
Pandj a test. L 

First stage cases were treated with six intravenous injections of Bayer 2fr> 
(later replaced by ita identical British counterpart, antrypol) Each injectn* 
was 1 gramme and the injection* were given at 3-day intervals. The pao® 5 * 
was tested for any undue sensitivity to the drug by having minute dose* before 
the first injection. No cases of rt>ch idiosyncrasy were discovered. Th« dmj 
rapidly remove* the trypanosomes from the peripheral blood and *ome of the 
first stage case* were treated in the local dispensary 
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Table IV 

DETAILED INCIDENCE OF THE DUEAIE IK TEN FAMTLTtE (tMIETT CAAa)- 



For letter* reference A, B C, D free Map and text. 
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Second and tiurd •tape cua arc given three infections of Bayer 235 (or 
antrypoi) and then a coarse of from five to ten weekly injection* of trypammtde. 
The dosage used for an adult wu 3 grammes intravenously Ad cases hanaf 
tryporsamidc were treated in hoapitaL 

Results at \ ubu showed that first stage cases tended to relapse after i 
course of only six injections of Bayer 205 At Mendi the course was Ban 
prolonged for first stage cose*. The relapses of first stage case* are shown in 
Table V 

It will be seen that the relapses tend to occur some time after the completion 
of the course of treatment. The average time in the figures given b just under 
Tascs V 

nxar*** ntov ruerr to mcwi> max. 
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20 months It has always been a matter of routine to follow up cases for a period 
of at least 24 months. Old cases sre called out and examined at each sleeping 
sickness inspection, and if ne ce ssary admitted to hospital for further investiga- 
tion. Thus these cases which have relapsed hare been examined at least 6- 
month!) after 'their initial course of treatment, if not 3-monthly 

The relapse rate m first stage cases is vet) high. It is probable that the 
course of treatment provided is not sufficient for about 50 per cent, of the 
first stage cases. 

The reason for this appears obnoiu The dividing line between the first 
and second stage case is a positrve Pandy’a test If the infection is advanced 
in the first atage, but has not yet reached the stage when the central nervous 
system is involved, the Pandy test will be negative, but in such an advanced 
infection a foil course of treatment as for second stage cases is required. The 
onset and progress of the disease is insidious. A positive Pandy is often obtained 
before there are any clinical signs of nervous involvement. Thus it would 
appear that all cases of sleeping sickness should have the same full course of 
treatment no matter how early the stage of the disease. 

In a few selected cases the relapse from first to second stage has occurred 
after one or two injections of Bayer 205 the drug appearing to activate the 
trypanosome and for the time aggravate the symptoms No such cases have 
occurred kt Mendi but these have been noted in Source k ubu. 

The long period before the relspse is discovered is probably due to the 
treatment which effectively controls but does not quite eliminate the infection 
snd obtam a complete cure. The trypanosome then slowly gains the upper hand 
and ultimately causes a relapse The possibility of such cases becoming drug- 
fast is obvious and is another reason for advocating a fuD course, no matter 
what the stage of the disease. 

Ten deaths are reported (Table VI) One of these (Case 13) is an ordmar) 
African misadventure Six were in the second atage and of these four had other 
mtercurrent infections Two second stage cases were resistant to treatment. 
One first stage case (Case 43) was an infant of 1 year who progressively became 
worse and died. This is « high mortality rate for sleeping sickness in the 
Sudan, but having due regard to the fact that this was a fresh outbreak, in manv 
cases the disease was probably in a more advanced stage before it was diagnosed. 
The relapse rate among the cases found m the first year was over 40 per cent. 
The results of treatment are summarized as follows — 

(o) A full course of treatment for all cases is desirable if s high relspse rate 
among first stage cases is to be avoided. The Bayer 205 used was pre war 
stock but it is not considered likely that the drug would deteriorate so as to 
be ineffective. 


(6) Only one case of bhndnets and three cases of stomatitis were recorded 
from the seventy eight cases. These cases were all on a course of tryp area node. 

(e) Intercurrent infections and endemic diseases so frequent among 
African populations, were common among the deaths recorded. 
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VII — SOUMAJIT 

1 A localized epidemic of sleeping sickness a described mth detail* of 
the me* lure* taken to control it and to prevent Its iprescL 

2. Special reference to the control of G pelpahs >• made, with note* of 
various experiment* earned out. The use of acreena in vanou* type* of clear 
inga » commented on. 

3 The epidemiology of the disea »e, with special reference to the di*ea»e 
incidence and the fly incidence tn the locahty » discussed. A household, 
or “ family inadence of the disemae is recorded. 

■1 The trestment of the cases is detailed, with reference to the high 
relapse rate in first stage cases. 
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VINCENTS INFECTION IN NORTHERN PERU 

BY 

h, VIGORS EARLE, mjj (lond ) su> (cant ab ) d tm (itow) • 
Medical Director International hnuxlorean Petroleum Company GnayquU, Equador 
Late Jefe-Midm Hospital de Ntfntot, Ntfntos Peru 


Infection with Vincent « organisms is widespread in the and detect region 
of northern Peru. Commonett among member* of the pton claw it ta never- 
theless alto found among the higher income emplcado clast, though to • lesser 
degree 

According to Long HURST (1943) oral sepiu play* an important part in 
the development of Vincent a gingivo-Etoraatitis. Other factor* are vitamin 
lack notably that of the B, complex (King 1940) and debilitating disease* 
(Linton 1943) All of theae factor* are present in northern Peru they will 
now be considered m detail. 


Oral Sepsis. 

Of 403 patient* hospitalised for various complaint*, oral *epai* wi» present 
a* follows — 

Dental canes m 241 patients (** 59 80 per cent.) 

Pyorrhoea 207 , (» 51 37 per cent.) 

Gingivitis 142 ( — 35 24 per cent.) 

* I wuh to thank Dr Lionel tV WiEDBT Chief Geolofnt, International Petroleum 
Co Ltd., for hi* iundne** m aupplying me with the meteorological reading* for the 
Negrito* -\rern 
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three case* magenta-coloured tongue (possibly due to ariboflavmostt), two 
cates rawness soreness, Assuring and redness (pellagroid) seven cases 

(vii) Dental changes — In addition to the changes noted above, ddntal irre- 
gulsnty and malalignment thought by Nicholls (1933) to be due to lack 
of vitamins A and D in inf anc\ was icen m 20 35 per cent, of the cases studied. 
Occlusal erosion, principally of the premolars and molars due in part to eating 
gnttv foods and in part, probably to deficient calcium in early life, was seen 
in 19 11 per cent, of the cases 

Concurrent Debilitating Conditions 
The concomitant morbid states which may or may not hate precipitated 
the development of the gingivitis, were as follows Work accidents, eleven 
septic infections (cellulitis axillary abscess etc.) eight malaria (Plasmodium 
rrvax), eight childbirth, seven hernia operations three Vincent s angina, 
three typhoid two , influenza, two cy stitis two amoebic dvsentery two 
pulmonary tuberculosa one carcinoma of uterus, one pleurisy one 
multiple arthnta one syphilis one threatened abortion one. 

A* his Lonohurst (1943) I hate several times seen Vincent s gingivitis 
develop in the mouths of those receiving bamuth therapy for syphilis 

Absence of Tropical Ulcer. 

It a now interesting to speculate upon the reason for the complete absence 
of tropical ulcer in the Tslsra Negrito* area of northern Peru. 

I hate examined thousands of patients legs for evidence of tropical ulcer 
sesrs without success. Smear* from several score leg ulcers — which, however 
lacked the appearance, shape smell (Earle, 1942b) of tropical ulcer — were 
negative for Vincent s organisms. 

Most of the factors commonlj held to make for the development of tropical 
ulceT are present Diaz (1942) has shown the diet w this area to be deficient 
m proteins, fats and vitamins There is also a probable lack of calcium as 
weU, though the role of this substance m the production of tropica) ulcer is 
doubtful 

Debilitating disease* said to predispose to tropical ulcer are malaria 
(Apostoudes 1922), syphilis (Mendelson 1921) scurvy (Apostolides 1922) 
alcoholism and dysentery (Soprano 1914) and ankylostomiasis (Hughes, 
1931) In this ares amoebiasis is common. Present also is dysentery resembling 
the baaUar> type the identification of which has not yet been undertaken. 
Syphilis is present but not very widespread malaria is occasional and imported 
alcoholism is uncommon ankylostomiasis is absent. 

Trauma — crushing and bruising of the lower extremities — occurs to the 
same extent as among the Trim dad oil workers (Earle, 1942b) Insect bites 
are present, though to a lesser extent than m Trmidad- Mosquitoes are rare 
indeed, arming m small numbers m fruit and other merchandise transported 
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scroll the desert by motor lorry Anopktin ire found m ■ amsll qwbrtit 
about 5 mile* from the mi in population centre occasionally extendmg then 
range after the brief ami often acanty mini (Fraxeh 1944 Shields, 194-4). 
In any cue, the only persons affected are a for goatberdi and ptottei mi 
even In theac I hive ncrer aeen tropical ulcer 

Cuhcotdrt and Pblebotowau are non-cnatent. Bite* from flea*, bugs. Set 
and ticks are, however common. Sable* i» widespread but even in tfc 
scratched area* in the disease, undoubtedly contaminated by finger* wind 
hare been in infected mouths, tropical ulcer fails to develop 

CuntCTTB (1939) chum* that abrasion*, cuts, etc become infected Iff 
saliva, applied accidentally (promiscuous spitbng) deliberately (with leara ■ 
a haemostatic) or on the feet or probisades of flies. Promiscuou* spitting a 
universal In this country (probably accounting in part, for the large amount 
of tuberculost*) flies abound eve r y w here — yet tropical ulcer u absent. 

Pose r * li Role or Climate. 

There remains one possible factor to account for the absence of tropic*! 
ulcer in this region — climate. 

Although only four degree* south of the Equator the climate of thi* region 
i* temperate, tbo coastal itnp bang cooled by the antarctic water* of Humboldt 1 * 
current. Ram is rare. 

It l* of interest to compare meteorological readings taken in Tnntdtd, 
where tropical ulcer abounds, with those made here, where it i* absent. A 
comparison of the two is made in the Table. The Trinidad residing* were 
made m Port -of Spain and arc taken from the report of the Director of Medical 
Service* of that island (1938, 1940). Tbd reading* made here were for the 
year 1940 a typical year a* far a* climate is concerned. 

It will be seen from the Tabic that every reading made rn the Negrito* 
area is lower than the corresponding one made in Tnnidad. 

Temperature* — maximum, minimum, range and mean — are all sub- 
stantially lower in Negrito* than m Tmudad. The rainfall, as can be sees, 
i* aim oat non-existent in thi* part of Peru it is abundant in Trinidad. Rdatrre 
humidity in Negrito* is considerably lea* than that of Tnnidad. 

It seem* very likely that the absence of tropical ulcer in Negnto* 1* due 
to climatic factors alone and not to dietetic, traumatic or other morbid comCdoo* 

Suuusirr 

1 An account of the occurrence of Vincent a gingivitis in the Nrgni* 
area of northern Peru is given. 

2, The relationship between the complete absence of tropical nicer * 
Negnto* and low temperature, rainfall and relative humidity i* indicated. 
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SPINAL ANAESTHESIA IN THE TREATMENT OF TROPICAL 
ULCERS 

BY 

EDWARD W PRICE, ala. nXH (cam*.) vtsl (AXTwm) 

Baptul Aluno* H capital Btmt Bslftan Ctmga 


Chronic ulcers usually of the leg are one of the bane* of a tropical prac- 
titioner's life. They incapacitate the patient— uaually a rtxtne— considerably 
without ha feeling really ill he get* tired of the long treatment, the nursing 
staff find it trying the other patient* dislike the ameffi and the doctor often 
*«m« particularly ineffective. 

The difficulties of treatment are evident from the multitude of suggested 
method* These vary from exposure to air without dressing insulin dressing* 
to mtmpmal injection of alcohol (James 1039) and punmg a bag of common 
salt m a cauterued ulcer bed and/or potassium permanganate cautery 
(Todd 1939) 

Perusii of the literature and a consideration of one* own experience 
suggests that the condition mutt ■». ary considerably from place to place as to 
it* teventy and resistance to treatment. 

In this district of Central Africa — near Laala m the Belgian Congo— the 
following routine has proved sufficient for most case* — - 

1 Removal of native medicine — often a difficult process. 

2. Sunpk dressings with eusoL 
3 Injection* with neosalvanan, if necessary 
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4 If these fell, immobilrntjon of the leg in bed with a sphnt or simply 
by tymg the foot to the end of bed often produce* satisfactory result*. 

5 Change to another antiseptic. 

6. Infrequent drcmngx — only re -drawing when other the patient hnnstff 
mam*. feeling he tin t bong properly looked after or the smell become* quite 
unbearable. 

Only rarely doe* one hare to re*ort to curetting 

There are however occasional ulcer* which reakt all these form* of treat- 
ment, and an experience with two auch during the hat few week* prtxnpa 
thus abort paper 


Casts. 

Cm if I — Mondang*, native boy aged about 14 Ulcerations of both f«t 
spreading on to dorsum and plantar aspect of foot from infected toes (j'tg gen ). 
Admitted to boaprtal 20.10 43 Euaol drawings, nco*alvar*an, lmroobiliratiao 
all without effect. The ulcer a tion teemed particularly pamful, especially at 
night, sometimes needing morphia for its alienation. 

The ulcer eventually became sta nonary » bowing neither progress acr 
regression. There waa no evidence of deep infection or osteitis sufficient to 
account for the persistence of the ulcer 

1 12.43 Therapeutic spinal anaesthesia 75 mg procaine in 1 CX- 
iterile water b etween L3 and L4 the patient then being turned on his back 
and the knees drawn up on to the abdomen for 1 mmute. No other treatment 

6 12.43 Ulcer* completely healed. Patient went home. 

Cau 2 . — Ekonde, adult leper aged about 2d with foul smelling ulcer* 
on sole of left foot No sinuses. Prolonged local treatment at leper village 
without s n errs*. Hospitalized 9 12.43 Neosalvaraan and nnmobilixatiac 
without effect 

20 12.43. Therapeutic spinal anaesthesia 1 50 mg procaine in 1 50 cx. 
atenie water between L3 and L4 the knees then drawn up on to the abdomen 
for I mmute, the patient lying on hia back. 

26 12.43 All ulcer* healed. Patient went back to leper village. 

DttCCWtON 

The abort histones suggest that the rapid healing was the direct rack 
of the spinal anaesthesia. 

James (1939) suggested that these ulcer* tend to persist indefinitely tad 
that obDteratire endartenm place* the lesions outside the realm of ordnurt 
medical tr e atm ent. 

The above experience suggests that there is a preEmmary prokeged 
arteriolar spasm at the base and vramty of the ulcer which is the cause of t be 
chroma ty 
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The incfficstcy of injections of neosalvamn in esue* where there it * 
definite typhihtic or y*w* or other spirochactaJ haws (and where in consequence 
one would expect a satisfactory response) may then be related not necessarily 
to an accompanying endarteritis but to a superimposed arteriolar apasm which 
prevents the drug from reaching the tpirochactes 

This possibility suggests that m such case* some method of relaxing the 
arterioles concurrently with injections of neosalvamn would increase their 
efficacy" 

Montgomery (1942) compare* the various methods of increasing blood- 
flow in the extremities and concludes that the maximal effect is obtained by 
one of six methods heat to bod) without fever artificial fever anaesthesia 
(general, spraal or paravertebral) pen arterial stripping and preganglionic 
sympathetectomv though the duration vanes in ascending order 

Such considerations were at the basis of the attempt to heal the ulcers 
in the above two case* b) simple spinal anaesthesia. 

The results were dramatic and impressive and though it is probable that 
all chronic ulcers will not respond in this way there is sufficient justification 
for drawing attention to its use either as the main method of treatment, as in 
the abo\e cases or as an adjuvant to arsenical injections 

The apparent objection — that spraal anaesthesia with procaine u of ehort 
duration— did not seem to affect the rapid healing in the case* cited, and one 
draws the conclusion that the effect was one rather of breaking a reflex than 
of maintaining a vasodilatation 

Such an experience is similar to that of Ochsner (19&) who finds that 
5 the clinical manifestations of thrombophlebitis are immediately relieved — and 
< remain so— with paravertebral block with novocaine. 

, It ** remarkable that the reflex does not seem to re establish itself again 
in view of the fact that the provocatne element, presumably the thrombo- 
phlebjtic \ easel remains as it was before the anaesthesia. 

{ I* would seem, then, that either anaesthesia (spinal or general, according 

to Montgomery) or paravertebral sympathetic block with an anaesthetic is 
sufficient to cause vasodilatation of sufficient length to remove permanently 
the symptoms of a phlebitis or permit the rapid healing of a chrome ulcer 
The length of the anaesthesia in hours seems to be of secondary importance. 


5 Summary 

1 Two cases of chronic ulcers of the leg in native* in the Belgian 
Congo are described. 

2. After other methods had failed, rapid healing took place after a spinal 
anaesthetic (procaine) without further local treatment. 

3 A comparison is drawn with other conditions, e.g thrombophlebitis 
* where similar rapid therapeutic effects are obtained. 
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4. It b *ogge*ted that spinal anaesthesia in conjunction with memo! 
injection* would hasten the hea l i n g hr permuting a greater blood flenr of 
aneruc-bearmg blood to the tissue* m cate* where there i* s spiroduetal bam 
for the chromate 

5 \ on-jprrochaetal ulcer* teem to improve znrrelv by the mcrajel 
blood -flow following *pxnal anaesthesia. 

6 It u remarked that the reflet once broken doe* not seem to rr-e*tib5ah 
iue!f even when the original provocative focui remain*. 
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A STAINING METHOD FOR MALARIA 
IN THICK BLOOD FILMS 


PARASITES 


J C B FENTON b-aj<.c.* 
and 

JAMES INNES fjj.cj-.e- Major, r.a.m.c 
From a Malaria Raearch Team, CJl/J 


Much work hai been done to improve and simplify the staining methods 
employed on thick blood film* used m the diagnosis of malaria infections 
Within the last few years a cotuitierable advance was made by the introduction 
by Field f of a rapid staining technique which has been widely adopted in 
nuny laboratories. The purpose of this paper is to describe a modification 
of Field s staining method, which has been found to ensure that optimal 
staining is more regularly achieved- 

Whereaa the pH of Field s stain is 6-6 m this stain a pH of 6 8 has been 
found necessary since the film becomes dehaem oglobiruaed during staining 

* We wah to record our gratitude to Brigadier E R. Bat and o bjl Consulting 
Phy«ci*n, A-F -H-Q., for hta encouragement and support m providing u* with the oppor- 
tunity to carry out this work, and for granting us permission to publish this account of 
one aspect of our investigation* 

t Fold J W 0941) Further note on a method of staining malaria parasite* in 
thick blood film*. Tram R. Soc trap Med Hyt *5 1 35-42 
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The haemoglobin that tend* to absorb the eoaln i* tiro* rermm-d and i ie*» 
•ad *tnn ii required to give the optimum result*. 

Tbe following are the direction* for the preparation tod u*e of the ttus 

natPAJUTtow 

There are three turning solution* — A B »nd C A being the methytae- 
blue azure tolution, B the ea«n ittrn, and C a Corrective Leiahman •olation. 

Staja A I* made from a mixture of two solution* which ihocU 
be prepared separately 

Solution (i) Methylene bbe I gramme. 

DtsorGura hydrogen pboaphate (12 H,0) 5 gramma. 

Distilled water 250 C.C. 

Place tht* solution in a 500 c-c. conkal fttak and immetae in a bath of 
boiling Tratcr for 2 hour* 15 mi date*. The neck of the fl**k ahould not be 
plugged, but allowed to have free icceai to the air a* tbe formation of aiure 
depend* on the tuudaadon of alkaline methylene bbe by the atmospheric oxygen. 
If the axure u prepared under these condition*, tbe nght proportion of azure 
in relation to the methylene blue will be formed. Axure made by tbi* poly 
chronurtng method ha* been found more aati*/*ctory for atairung than pure 
Axure 1 added to methylene blue in tbe preparation of thi* atam. Tbe poly 
chromizing ahculd not be earned on beyond the «t*ted time or too much axure 
will be formed, and too much is almost a* bad a* too httit If the axure a w 
excest, then fibrm thread* will *tain in tbe background of the film*, the parents 
cytopbtam and not atain a good bbe colour and the parasite chromatin may 
appear black. * 

A heavy depoct may aeparitc out when the solution ia heated and the fix* k 
ahould be set aside, i*y overnight, to allow thi* to re dissolve. When cold, the 
•olutioo should be made up to ft* original volume and thonld appear a puipk 
blue colour when viewed m artificial fight Too much axure production reaoto 
m a more reddtah purple colour 

Solution (fi) Methylene bbe 1 gramme. 

Potaaarom dihydroftn pboaphate 2 grammes. 

DiatiBed water 500 cc. 

To prepare Stun A add two part* of Solution (b) to one part of Solution 
Thu method of preparation etuurca that there ia lbray* some unchzogaf 
methylene blue present in Stain A rather than a mixture of poly -chromed 
by product*. 

Sum B Yellow water soluble eoam 1 gramme. 

Disodium hydrogen pboaphate (12 H»0) 3 3 gramme*. 

Potajuum dihydragen pboaphate 1 3 gramme* 

Distilled water SCO cx. 

The pH of the above Stain* A and B should be approximately 0-8. 
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Stow C A stock buffer solution i* required to prepare tiua lUin 
and consists of — 

Di sodium hydrogen phosphate (12 H|0) 12 5 gramme* 

Potassium dihydrogen phosphate 5 gramme*. 

Distilled water 250 c.c. 

Ether, 0 5 to 1 -0 c. c. may be added to preserve this solution from bacterial 
contamination 

The stock buffer solution should have a pH value of approximately 6 8 
This should be checked with an indicator if there is any reason to suspect 
that the sodium phosphate has lost some of its water of crystal hxition. 

To prepare the correctne Leishman stain, make a 1 in 50 dilution in da- 
tilled water of ordinary 0 15 per cent. Leishman stain, and add the stock buffer 
solution at the rate of three parts in 100 of the total mixture. 

Method op Use. 

The staining times for a thick blood film are recommended a* follows 
although these can be varied a great deal without producing an adverse result 

1 Dip m Stain A for 1 to 2 seconds. 

2. Wash in da tilled water for 1 second. 

3 Dip in stum B for 2 to 3 seconds 

4 Wash in distilled water for 1 second. 

5 Place in stain C for 10 to 15 minutes in a small staining dish. 

The slide should be taken out of the Leishman stain and stood upnght 
to dry without further washing in water 

NOTES ON THICK FILMS STAINED AS ABOVE. 

1 No definite specification* aa to size or thickness of the blood film 
need be laid down for staining by this method. The films can be much thicker 
than those recommended for use with Field s technique as dehaemoglobinixation 
occur* as in the dilute Romanowsky staining method. 

2. The naked eye appearance of a successfully stained film is that it should 
be completely transparent and without any residual haemoglobin. The colour 
should be a very faint purple blue 

3 After staining, the film may be dried in an incubator if desired but 
like other Romanowsky stains, if dried by direct heat it will turn blue. 

4 No harm is done by leaving films for much longer than the specified 
10 to 15 mmatea in the dilute Leishman stain. In very thick film* inch longer 
time will produce better result* by ensuring complete dehaemoglobinixation. 

5 Films that turn blue on drying have either 

(а) not been completely freed of haemoglobin and should have been 
left longer in the Leu h mac strain or 

(б) hare been different!* ted in a Leuhman stain more alkaline than 

pH 6 8 


*0 


rruxctQ wman ron T*iac saoco-nuj*. 


0 Film* that have in excessively red appearance hire been differentiated 
m • Leishman «tim more aad than pH 6 S. 

Tht Mtcrcuopteal Appearances of a Sutct nfs/Uy Stained Thck Fib*. 

The stained leucocytes, platelet* and maiiru parasite* arp con traced 
against a clear white 'background, thus resembling in general a film well * tamed 
by dilute Giemsa. Since the methylene blue arure solution In S tarn A hai 
a mild fixative action, there i» little or no distortion of the leucocytes. Tbe 
granules of the cytoplasm of the polymorphonuclear cells are often powerfully 
stained. In Plasmoisvm rmw infections the Schuffner'a dots usually itam 
intensely in tbe thinner parts of the film. Tha gives me to the M ghost cell 
effect that ii seen also with Giemsa stain and when present forms a diagnostic 
indication of the benign tertian parasite that may be mo*t valuable evidence in 
a case where young nng forms are seen only in the film. 

The parasite eytoplajm ts stained a blue or grey blue colour and fine details 
in its structure can often be seen. The parasite chromatin stains a deep red. 

Swwur 

1 A staining method for thick blood films is described employing 
methylene-blue- arure eosin and a dilate Leuhman stam. 

2. It is claimed that this modification of Field s method ensures optimal 
staining results for the demonstration of malaria parasites. 
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Transactions 

OF THE 

Royal Society of Tropical Medicine 
and Hygiene 

Vol. XXXIX. No 2. October, 1915 

THE THIRTY-EIGHTH ANNUAL GENERAL MEETING 
of the Society held at 

M&nson Houm, 29, Portland Place, London, W 1, 

on 

Thursday, 21st June, 1946, at 8 pan , 

Th* Pkesidcnt 

Sir Harold Scott k.cjh c , m.d f.r.c.p fjls e. 
in the Chair 

BUSINESS 

Report of the Council for the Year ended 31 st March 1915 
The Hon Secretary, Dr Wenyon presented the Annual Report, which 
had been ■circulated to the Fellows present at the meeting 
The Report was unanimously adopted. 

Report of the Hon Treasurer for the Year ended 31st March 1945 
The Hon Treasurer, Dr Marriott presented his Report, with the 
Accounts and Balance Sheet prepared by the Auditors and accepted by the 
Audit Committee 

The Treasurer a Report was unanimously approved and adopted 
Mans on House. 

The Hon. Treasurer (Dr Marriott) made a statement regarding the 
Mamon House Fund. 

He recalled that it had been atarted m 1923 for the jjurpose of buying 
a house to serve as the Society s headquarters and at the same time constitute 
a memorial to Sir Patrick Mansox 
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Donation* had been received from member* of the Royal Family free 
Colonial Government* from comm era* J firm* and other* interested a the 
tropic*, *nd from over a thousand F eHow* of the Society 

After much searching a suitable home wa* found and in 1931 26 Fonlird 
Place in* pu rehated and named Manson JJolie. 

The total expenditure, including alteration* building the Lecture ILX 
and funnthing wa* nearly £30 000 To meet thu in 1932 a loan on mortgajt 
of £15,900 had to be arranged. Part of the premiie* were let and the mrfJ 
received helped to reduce tbc debt ateadily year by year 

In 1940 our tenant • lease expired and wa* not renewed a* the prermw 
had been badly damaged b\ bomb* However in 1943 ne were able to grt 
the damage repaired and recti re good tenant*. Once again it wa* po**ible t» 
make *□ bitan na] reduction* in the debt, and a legaev of £5 000 from Mm 
M K- Coin well ipeeded the procr**. 

Bv 3!*t March, l£M3 only £1 02n remained on loan. The Treaium 
laid that the Council at it* meeting m May 19-15 had decided to pay off the 
whole of t bit remaning debt, ublamg £600 from the balance on 3I*r Marti 
and £425 from lubvc+iptiun* and rent* received *mce that date He nu 
therefore now able to announce that Manson Hotue wa* entirely free from 
debt. 

The Treasurer (aid he could not let thi* auspicious occa*ion pa*» without 
referring to the unwavering tupport and financial help given br Dr CAJonaun. 
Low one of the chief originator* of the acheme and to Dr NSecyon who, a* 
Hon Secretarv had watched *nd directed the whole idea of Manson Hcrare- 
Hc Mho »poke of Mi** V > enton a active participation throughout and her refusal 
to be deterred h) all kind of difficulties, not overlooking the difficulties cau*ed 
bv enrra) ictiur 


Election or the Aidit Covouttef 
D r \\ E. Cooke, Dr J C Baooat and Dr C Rioell Amies were 
re-elected aa member* of the Audit Committee. 

Election or President Two A ice Presidents and Twenty 
Cocnttllom ro* 1945-47 

The President announced the result of the Ballot na follow* — 

Prmdrxt 

•C M \\ ENT ON oil C. CJ5.E., M.B. B 8. BJC. F JL* 

1 ire Freud/ nit 

•D B Bucklock, cji o jld d r il d.t jj., Profcwor 

•John A. Sinton \ c. oj.l, mjj djc a ett Brigadier uu. (ret). 
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Councillors 

A R. D Adois md.cilb mjlcp,dt.m 

•A G Biggam c b o b.e. kji p m.d fjlc p Maj -Gen late R.a.m c 
*P A, Buxton m r.c.8. ljlc.p d tjh in, frj Professor 
C C ChESTERMAN OBE, MJ> B.S MJLCU* D T.M 4 h 
*T H DaVEY OJ E-, M3 DTM Professor 
W R. M DREW 03 E. M3 B3C F R.C.P , D TJtf 4 IL Lt.-CoL R.A M C. 
N Hamilton Fairley cjx m.d djc f r.c.p f r-s Brigadier a.a.m c 
R. M Gordon 03 e. ild., \lr.clp d p.h d T.M Professor 
*FL M Hanschell d js c mjlcj d tai & h 
R. Brunel Hawes aij b s f r.c p 
•E H Vere Hodge c i e. m.d f.r.c.p Ll CoL i m.s (ret.) 

W H KaUNTZE, C.M O M3 t MD CH3 FJLC.P 
George Macdonald mj> cii b d par d tjsi 
Sir Philip Manson Bahr, c m c Dio, m.d fjlc p d t^l & 11 
Oswald Marriott M3 d s mjlc.p 
F MurGATROYD M3 F.R.C P D T M Lt Col R-A.iLC 
•Sir John Taylor, c.13. dj o M3 d pji , Major-General r UJ (ret) 

F Norman White, c.lh, M3„ i.m.s (ret) 

Sir Harold Whjttlngham, lcb k.b e lhp fjlcjp Ait Marshal r.a.f 
Charles Wzlcocks mj> cilb ,mhc.p d tjvi 4 h 

• New Nomfnst’on. 

The President (Sir Harold Scott) Fellows of the Society 2 years ago 
I reached the acme of my career when you did me the honour of 
electing me President of our Society I promised then that I would 
do my utmost to maintain its prestige, and that promise that resolve 
I have endea\ cured to carry out. Today my term as President comes to 
an end but before handing over the reins of office to rav successor it is 
my duty to give you very briefly an account of my stewardship in a short 
valedictory address, lou ha\e read and heard the Annual Report which tells 
you of our doings during the past year and of our present standing and you 
hsve expressed jour approval of it. \ou have heard alto the Report of the 
Hon Treasurer which shows the very satisfactory state of our finances, and 
<nir best thanks arc due to Dr Marriott for the zeal and acumen with 
which he has performed the duties of his position and brought things to 
such a happy pass. With regard to the debt on Manson House that 
once stood at what the journalists are pleased to call an astronomical figure 
a little over a month ago it had become so much reduced that I thought it 
would be my privilege to tell you that in all probability my successor would 
have the felicity of announcing our total liberation from debt. As you have 
heard from Dr Marriott by a happy concatenation of circumstances — may 
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I call it that ? I have been able to jump hii claim and announce todajr mj»c^ 
our release from tho burden 

During the pa*t few year* a considerable number of our FdWi twu 
been the recipient* of honour* and award*. Our hearticat congratulation* p 
out to them one and all I will not enumerate them became although I bait 
got together a goodly lut, I may have raiaaed aorac, and they would naftmUy 
feel hurt at bong left out- During the year there have been thirteen reugio- 
tiona, and we have Jo*t fifteen other* by death tome in the ordinary coot* 
of nature, other*, ala*, a* the result of enemy action, all too early in thar cartm. 
I will not enumerate these either they are mentioned in the Annuli Report 
but I would like to *a> a few word* on one or two of them. 

Frederick Perciyal Mackie held all the higheat Bntub medial 
qualification* He wa* a Fellow of the Royal College of Physician* and 
a Fellow of the Royal College of Surgeon*. Hi* name had been before 
the medical world prominently atnee the beginning of the century la 
1903 he wa* with the \ ounghuihand mituon to Tibet. He wa* cupped 
in plague work In India in 1905 with the Uganda Sleeping Sickne* 
Comrmaaicm in 1908, and with the kala Axar Investigation in Assam m 
1913 Other position* which Colonel ALtcrnc held Included these of 
Profeaaor of Pathologj at Calcutta Director of the Paateur Institute, Assam, 
and of the Ilaffkxne Institute, Bombay He was Health CommiMioncr for the 
Government of India in 1928 Director of the Pasteur Institute aod Research 
Laboratory at ShiUong and, at the time of bra death. Chief Medical Officer 
British Oversea* Airway* Corporation He had alao been King a Honorary 
Surgeon. We should have to go far to find a record to equal his 

Burgess Barnett had a wide reputation u a hcrpetologiat Hi* name canw 
a till more prominently before the medical public becauae of hi* work on tb< 
application of make \ etiom* to genera! medicine, in relief of pain in cancer 
tabes, leprosy and in haemorrhagic condition* 11c died on service m Burma. 

John Chari. bi Grant Ledinoiiau tvaa not a very active Fellow of oar 
Soaety dunng recent year*, but formerly he wa* doaejy associated with our wort 
He hid, as you all know an international reputation ta a bactenologtat. He 
succeeded Sir Charles Martin as Director of tbe Liater Institute and w« 
Chairman of the Tropical Disease* aub-committee of the Royal Soaety Tbe 
low to the Colonial Medical Service and to our own Soaety by tbe death £ 
enemy hands of Edmund Ctjul Smith I spoke of on a former occasion Of tb 6 
others 1 will not aay anything special ejeept that, if I may 1 will quote the tread* 
written over 2,000 year* ago and there is authority for saying that even the d«v3 
can quote Scripture to hit purpose Some there be that have no memorial 
but their glory shall not be blotted out, nor their righteousness forgotten 
thar name liveth for evermore and people will tell of thar wisdom." 

During the year as you heard from the Annual Report, there hare b cte 
seventy new Feflowi elected to the Soaety The number should be grttKf 
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tnd I cannot understand why it ut not. It cannot be that the provision we 
give is poor That the mental pabulum is adequate and acceptable is, I think, 
evidenced by the Urge attendance at our meetings Of the Colonial Medical 
Service a fair proportion join as Fellows but of other Services the Royal Naval 
Medical Service the Royal Arm} Medical Corps the Indian Medical Service 
tnd the Royal Air Force Medical Service it must be confessed lamentably 
few Our meetings have been more frequent this year than previous!} and 
on the whole better attended. On more than one occasion we have had a 
record attendance and late comers have been hard put to it to find a seat. 
Many papers of great interest have been read, many excellent discussions have 
been held and many other contributions would have been delivered but could 
not be for lack of time It would be invidious to select any of these the list 
is given in the Annual Report which you have seen but I must just refer to 
one the histone meeting which we held here on the 14th of December last 
m celebration of the centaury snrnv ersary of the birth of Sir Patrick Manson 
when vre had the privilege of hearing sn address absorbing!} interesting 
delivered by Manson s son m law Sir Philip Manson Bahr, which he 
rightly entitled the Manson Saga. If I ma> digress for a moment I may say 
that I never met Manson When I entered the Colonial Service I was told to 
call and sec him and be examined. I went in fear and trepidation, for hia name 
was one to conjure with and wc novices looked upon him as a god, I called 
but the god, like Baal of old, refused to answer Quoting again from the same 
source as before I might sa> perhaps he was talking or he was pursuing 
peradventure he was sleeping anyhow I had to go to his able coadjutor 
Dr C W Daniels Nevertheless throughout my tropical career the name 
the work, the character the discoveries of Manson were a constant stimulus 
to me in my small way I always felt that nothing shoddy must be allowed 
to pass as good, surmise must never do duty for fact, that every reference 
must be verified. When I came back from the tropes I was ill and his son- 
m law took me at once into hospital Manson too was a sick man. Although 
messages passed between u» Manson died while I was still m hospital and 
thus I never met him. Later whenever I have entered this building I have 
felt that it is under Manson s aegis and I therefore enter it somewhat as 
though I was treading on holy ground because it is dedicated to him and bears 
hu name and I think I may add that I never leave it without the thought, 
the silent question, Have I said or done anything \v hich I should have regretted 
Raying or doing bad MaN50\ himself been present ? 

Before I come to the induction of our new President I would like to express 
ray very sincere thank* firstly to the member* of the Council, individually and 
collectively for their loyal co-operation help and advice to the members of 
the Executive Committee for more than I can express to the Honorary 
Treasurer for keeping our heads above water and piloting us through a difficult 
tune, and now as regards the debt on Manson House bringing us to such 
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a happy issue out of all our sfflictiofis to the Secretaries and every one of Ac 
secretaml *taff for their affability cbecrfulnea* and encouraging help, aC ef 
which do so much to nuke a routine which mint at tune* be irksome, pan 
smoothly Lastly but far from lean, to every one of those Fellow* who b*u 
pvtn me of their fnendihip, a friend* hip which I awure you I value my 
highly and lot* of which l feel all the more poignantly now the time ha* coat 
to tay farewell 

I have now reached the pcant for which you have waited so patiently Ac 
induction of our new PsEfroriT Dr C M \\ txYON Thn t* a belated deepen 
Dr W EXT on thould hare been President a dozen year* ago but time after 
time he ha* refused it for altruistic reason*, saying that he feh he could be cf 
more u*e to the Society b\ staving as it* Honorary Secretary and piloting 
others along the w ay in which they should go. \t long la*t he has been prtraJW 
upon to take his rightful place Dr \\ exton needs no introduction from me 
you know him as wdl a* 1 do 1 b rt not it range that the greatest men of *ch~oc* 
go down to posterity with their names attached to such small things — ScAJtrt 
with hn trungic Htrvmi with hi» canal Sn.vu.-t with his fuiure FAttxinct 
with a couple of tube* \ oaUW and Wxxsunv by a foramen each ? But oor 
Fellows are noted for far more tangible thing* than these small though they 
may be Not merely b\ a geometrical figure as Sc area, hr holes like \ EMUn 
and Winslow or by mere conduit* like Hunter and Fallopius We have 
Brlce known by a whole genus of bacteria and by a trypanosome Cmurrorntn 
and James by their mosquitoes. Imitation is the smetrest form of flattery and 
there is even an Anophrtn pmdo-jamta What more could you want? W< 
have LeJ rat with hta worm, two wonna, rt may be more Now Wfvwxn with 
something quite detinue but whose nature » still, I think, nib jndiet namely 
Eprrythrozooa i t * a v o w . For more than a decade there ha* been a di*cti*aion 
a* to whether it is not Bartonrlla tttnyom or even HarmobartontUa trr a yo w oc 
whether it is ■ protozoon at stL Here we have the name of one of the greatest 
proUnoologistt — to spare hi* bhube* 1 do not say the greatest — whose name 
goes down to posterity attached to something whose genus is unknown and 
whore place in the natural order is undetermined- Still there it i*. the name 
ha* been given, and as long as the laws of nomenclature bold fast that tun* 
will stay Eprrjthroaoon trmyom may change its generic name iti surname, » 
often as a fashionable movie star but the tpccrtic, the Chmtun name of 
trmyow has been be st o w ed in perpetuity 

Ladies and gentlemen I have faulted. It remain* for roe to induct Dt 
Winy on *i our President and to mve*t him with the badge and cham of 
office Rat mortuu* «t , uvat Rci ! May hi* mgn be a* happy and fortune* 
and prosperous a* you hare made mmt 

Sit Harold Scott then invested Dr Wenton with the Prehueo''* 
badge and chain of office. 
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The President (Dr C H Wenyon) Ladies and gentlemen I must thank 
you -very smccrelv for the cordial reception you have given me And now 
that I have been transferred by Sir Harold Scott to the Presidential Chair T 
want to thank you Fellows of the Society everywhere for conferring upon me 
the great honour of electing me vour President for the coming two years After 
Sir Harold Scott's most eloquent utterance, and m view of hu profound 
knowledge of tropical medicine I have a feeling of diffidence w taking over 
from him the duties of President I think Sir Harold Scott first entered the 
field of tropical medicine when he became Government Pathologist m Jamaica 
in the early part of the last war Before that he had served in the South African 
war as Captain in the R.A \J C and before that he had been at the Cambridge 
Hospital Aldershot. In Jamaica he threw himself into the work he had m 
hand with that vigour and enthusiasm which he has displaved m evervthmg 
he has undertaken. He interested himself particular!) m the mvttenous 
vomiting sickness and final!) solved that difficult problem He investigated 
epidemics of typhoid fever and also studied the intestinal protozoa he might 
have continued these studies and become a distinguished protozoologist. 
From Jamaica he was transferred to Hongkong where he still further extended 
his experience of tropical medicine He devoted himself parti cuiarlv to tuber- 
culosis, and published some most valuable reports on this disease in the native 
population He then took up the subject of sprue — perforce this mav hove 
been, because he was able to study the rruhdy in his own person. He evolved 
a new theor) which, although it mav not have been substantiated nevertheless 
stimulated interest to such an extent that researches on sprue were revived and 
have gone on regularly since then Sir Harold Scott was invalided from 
Hongkong and was able to continue the stud) of the disease m this country 
Later he took up the stud) of helminthology and worked in Professor Letter s 
department at the London School of Hygiene and Tropical Medicine There 
he earned out in\e*ugauon» and experiments on the tape worm Hymsnolepu 
nana After that he was appointed Pathologist to the Zoological Societ) It 
was then that 1 first came into close contact with him and realized how inde- 
fatigable he was in every work to which he set his hand. I had undertaken 
the task of examining blood films of all animals that died m the Zoo and Sur 
Harold snd I were thrown together very closely in this work. Later on, after 
this very varied experience Sir Harold Scott came into his own when he 
wss appointed Assistant Director «t the Bureau of Hvgicne and Tropical 
Diseases under Sir Arthur Bacshawe. By this step he entered the literary 
field m which he is so distinguished. When Sir Arthur retired Sir 
Harold Scott became the Director and a great deal of the success of 
the Bulletins issued by the Bureau is due to Sir Harold Scott’s skilful 
snd enthusiastic editorship His wide knowledge combined with a literary flair 
led him to write a number of books. One of these was Notable Epidemics another 
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Health Problems im the Empire mad yet another a roomt notable one, T* her 
culosss a Man and Lot rr A mmdls Finally I think It ni ro 1937 or 1938, 
fortunately for in he warn Inn ted to deliver the FItzPatnck lecture* at the 
Royal College of Physicians, and cbose aa hi* aubject the History of TroptaJ 
Medicine. These lecture* were *o much appreciated that he was induced to 
expand and arrange them in book form and there appeared in due co u rse that 
immortal work, Scott’* History of Tropical Mediant A new edition ha* 
already appeared and every one who require* Information about the history of 
tropical medicine and the early worker* in thi* field, turn* mstmetirely to 
Sir Harold Scott** great book of reference. After all the experience* and 
mresti git ions tn which Sir Harold Scott played such an important part, bt 
was peculiarly fitted to be President of thi* Royal Society On that account, 
therefore I fed some diffidence in taking over the duties from him. I hope, 
however you will forbear with me during my Presidency and I think I can do 
no better than promise you, as Sir Harold Scott has told us he deter mi ned 
wlien he became President tq do my best for the welfare and prestige of the 
Society while I hold this office 

It is the first duty of a new President to appoint a Vice President 
According to the rule* of the Society the Fellow* of the Society elect the 
President two Vice Presidents, and the Member* of Council, who arc nominated 
by the retiring Counal and It is the prerogative of the new President to 
nominate one Vice-President himself Accordingly I have the greatest pleasure 
in nominating Dr Norman White to be my Vice-President during the penod 
of my tenure of office. He has served on the Counal for a number of years, 
has been indefatigable in his attendance, and has contributed to the work of 
the Society in many way*. 


At the first meeting of the new Counal on July 12th, CoL H E ShortT | 
c i.F- u.d mi * (ret.), was elected a Member of the Counal in place of ( 
Dr Norman White who had been appointed a Vice-PreatdenL 
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LATE RESULTS OF TREATMENT OF SLEEPING SICKNESS 
IN SIERRA LEONE BA ANTRYPOL TRYPARSAMIDE PEN- 
TAMIDINE AND PROPAMIDINE SINGLE AND IN VARIOUS 
COMBINATIONS 

BT 

R. D HARDING Dae »uz.c.r., 

Trypemttamatis Srretee Sierra Leomt 

Introduction and Methods 

Records of observations on sleeping sickness patients followed up 
individually after treatment in adequate number* over a auffiaent period of 
time, and controlled by lumbar puncture so as to make a sound evaluation 
of the final cure rate possible, are very scanty in the literature- This paper 
describes an attempt to estimate the pe rcen tage of final curea after the 
administration of various drugs singly and in combination in various stage* 
of the disease as met with m the Kailabun District of Sierra Leone The 
course* of treatment whose effect* have been studied comprise — 

• i* Antrypol, five dose* of 1 gramme it $-d*y interval* to cases with a normal 
cerebroapmal fluid cell count. 

n- Trypartamide ns to 10 doaea of 2 gramme* at 5-day intervals Tha majority 
of patjtnts recoved dim or ten doaes- 


* The metric system 1* used thnxigbout this paper in atatmg dosage*. 
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fi] An Irypol thrre do*r» of 1 jmmme, folkn'rd by tryp*ruiTi»<J<- three to fr«f (few 
of 2 pwirnci, all at 5-d»y interval*. 

W Three fiber crjenhinibom of antrrpol and trynarwriide drtijpjed to r rd irr tbr 
toxlaty exhibited br Courw KL They here been induced m one croup for nuljin tea 
the cuft concerned ere too few for eeparete coraideritpon 

{«) Antrypol, three doae* of I jnamrne foOoned by trypirsamide three to «na 
dote* of 2 cremrne*. An internal of 5 or 7 «eei.» eeperated the firtt sod teatd 
dote*, the remainder betna given at 5-day Interral*. 

(A) Antrypol, tmo dear* of 1 gramme, followed by trj-pareamtde four lo ax 
do*e* of 2 pTamroe* at 5-d*y intercala- 
te) Antrypol, one doae of 1 fntmme followed by tryparaamide eight or na 
doae* o/ 2 pianane*, at 5-day Interval*. 

r Pentamidine eight to taehe doae* of 50 to 100 mg daily 
' i- Propamidine eight doae* of 50 or 75 me daily 

The remaining three courses of treatment, whose result* are dealt with 
in Part II constituted * small-scale tnal with a combination of peotanmfmf 
and tryparaAmide administered concurrently 

nL iVntanudme, foe doae* of 100 m*., and trypammrde fire doae* of 2 rnmrrnri, 
at 5-<lay in ten •!< On each treatment day both drug* acre fnm, tbe pentanodine fir*, 
and tryparaamide about 2 hour* later 

vd Pen tan inline fire dotea of 100 me. daily and rrypavtacnide fixe doae* d 
2 gramme* at 5-day mtrrala. Topataanude *u pmi on the finrt treatment day ptf*- 
anudme on tbe 2nd to fitfa day* ndutnt and rrypaia«m»Jc again on the 7th, 12th, h* 
and 22nd day* 

re Tryparaamide alone foe doae* of 2 gramme*, at 5-day interval* to acne »» 
control for Course* iu and nn 

The doses stated were those gnen to patients who weighed 100 lb a 
oxer For others the dosage given bore tbe same redo to* the fun dose as St I 
the patient s body weight to 1 00 lb. In the great majority of cates tbe dniji 
were administered by intravenous injection, in * few they were given intra- 
muscularly 

It will be noticed that the total dosage given to different pauenu treated 
by Courses n ui n and \ varied considerably However a itudy of the result! 
obtained by the higher and lower dosage* :n each course revealed no significant 
difference and the casern concerned hare therefore been grouped together t» 
facilitate statistical analysis. 

In the whole area in which patients were followed up 2,713 had revered 
treatment by one or other of the courses listed. Of these, 228 had died I,fiW 
were actually teen and examined 659 w e re traced and definite information H 
to tbar whereabouts and condition was obtained, and 126 were un traced. 
A cell count had been earned out on the cerebrospinal fluid before treatment 
in 1 170 patient* and m 962 it waa performed in the final survey when a to*^ 
protein estimation wu also made in the great majority of cases- The patios 
whoae fluid was examined both before treatment and at the final surrey 
numbered 579 The interval between the beginning of treatment and tV 
aurvey varied in individual cases between the extremes of 13 and 28 mood'*’ 
but the image Interral for the different treatment groups varied only between 
14 and 25 months. The mean interval for all cases was 17 month*. Sea* 
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three score cases who gave a borderline cell count at the tunxj were lumbar 
punctured yet again at anything up to 46 month* after treatment 

None of the patients had received am treatment prior to the course* studied 
except about a score included m Course it (trvpanaoude only) These few cases 
had been previously treated by a diamidme and had obviouslv relapsed with 
clinical symptoms and a high cell count when seen a few months later Such 
cases have also been included in the appropriate dtamidmc group where the 
cell counts given after treatment are those which were obtained at the time 
of relapse and not, as in alt other cases at the time of the final survey To 
have omitted them would have resulted in weighting the diamidme result* 
too favourably 


PROCEDURE. 

The survey unit consisted normally of the writer and hi* wife, an African 
interpreter and a number of African micros copists Dr I Apted of the 

Colonial Medical Service assisted in part of the sunr) and continued it for 
a few da vs tn the writer a absence Suitable centres in the area were chosen 
and all previously treated patients who were a\ailable were called in to one 
or other of these centres together with the section and village chiefs concerned 
to give corroborative evidence as required. Each patient was identified and 
subjected to a questionnaire which included the following tune and number 
of injections recened to confirm the treatment record present state of health 
presence or absence of headache body pains backache somnolence itchmg 
of the skin disturbance of vision ability to perform normal work. The 
histones of patients reported dead were enquired into in detail in order to 
ascertain the approximate date of death and its probable cause After each 
patient present had been questioned, his neck was palpated, and if cervical 
glands were palpable one was punctured. If none were palpable or if gland 
puncture proved negative a thick blood film was prepared, stained with 
Giemsa, and examined for 10 minute* At first blood films were prepared 
from every patient, but when after some hundreds of patients had been 
examined it was found that trypanosomes were hardly ever to be seen even 
in seyere clinical or C S F relapses this procedure was limited to about half 
the cases but it included all patients whose appearance or history was m the 
slightest degree suggestive of relapse or reinfection. In *11 blood films were 
examined m about two-thirds of the patients seen. Finally lumbar puncture 
was earned out on as many of the patients as tune allowed but care was taken 
thst they should be a random sample of the cases m each treatment category 
A cell count was then made on the cerebrospinal fluid, urmg a Fuchs-Rosenthsl 
counting chamber and the total protein was estimated by Mestrexet s method. 
In doing the count, the ceils m I c m were first enumerated, and if they 
fell below 4 or above 8 this count was taken as final otherwise, a further 
2 c.mm. were count e^ip the same preparation; and the average of the three 
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count* wu taken. All C.S F exaxnimtion* were made by the writer or Dr 
Aptkd 

In setting out tbe remit* preparatory to *n*ly*i* the patient* were cbtvd 
under treatment count and cell count, if known, before treatment, and tbe* 
subdivided into tbe following categories. If olive into Received inxuSkiat 
treatment, ia^ leas than the minimam dosages stated shore Un traced 
Traced but not examined C S.F of 0 — 5 5 — 10 and 10 *f cell* a* 
re-eta mi nation Seen but cot lumbar punctured Dim vision RHrtd 
Trypanosomes acen If dead into Died during treatment Died sntinfl 
3 month* after commencing treatment Died apparently from sleeping sjckne»*t 
3 to 12 month* Died after 12 month* Died at any time from unrelated c*u*e*. 

In calculating the percentage deaths for tabulation the total esse* treated 
hare been taken at the denominator Those who received insufficient trea truest 
arc included because in some care* the course was interrupted by toxic reaetktu 
and death attributable to the treatment itself Those who were untraced art 
included because if they had renamed uncured it n unlikely they would bare 
been abk to undertake distant journey* and so become lost aight of even had 
they gone far afield and died, the fact of thdr death would rapidly have become 
known to that relative* at home it t* fair to assume, therefore that such case* 
had remained alive. Insufficiently treated patient* actually only numbered 
69 or 2 5 pier cent, of the total, and the untraced 126, or 4-6 pier cent. 
In the ideal investigation all pauent* would be lumbar punctured before treat 
ment, and thi# procedure would be repeated in tli survivor* at least 18 months 
after treatment, but such an ideal can never be realised in practice, and tbe 
present investigation probably gives results just about as dependable as one 
can hopje to attain. 

Cjuttjua of Cum. 

The possible criteria to be considered in assessing results are (i) Clmicsl 
condition (n) presence or absence of trypanosomes (la) cerebrospinal flax! 

Tbs greatest debt k due to Dr E. AL Lewis, who csrmd out tbs original Iniestu* 
tier and treatment of a laija proportion of tbs cases who hare been re-sxatmned, sod 
was reapremble for tbs irntsal cifl count m tbe majority of cases lumber punctured befers 
treatment. He ha* already reported on tbe C-fLP ftndinff* m hi* cases up to 4 to 5 moot!*, 
and on tbe dmfcal condition at 12 to 50 month* afttT treatment (Loukn, 1943), an d D* 
pre se n t enquiry may m larva part be retarded as a continuation of hw work to a *t»F 
■t wtuch * closer ettmtats of the final cure rate is possible. 

Ackrxmled*ment u also due toranous medical officers of tbs Trypanoe nmiaa r * 8erri« 
who carried out treatment m tbe rrmaimny casss to Dr I Arrm, who asatftr d 
final rumry and to tbs writer 1 * wife who earned out tbe questionnaire and cceor*** 
the case record*. Laeut -Colonel fl O AIaxoxvtth kindly prepared aod supplied d* 
standard tubes for Mestreset s test Dr QtcaiXS WilcoCD, Director of tbe Ikirfs“ * 
Hytien# and Tropical Medicine sent tbs writ er figures and rc farm era concern** Cd> t 
ahnations in raws Dr W ] Mavttx re vi e wed tbe statistical data Mown. 
and Bajcik supplied stocks of tbe daanidmea- Finally scfax>wledgni*nt k doeSot* 
W P H- Lightwoov cjx Director of Medical Serricea, Sisira Leone, for pcu‘-~ wr 
to publish this paper 
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picture particularly cell count and total protein (iv) mortality Their 
respective value in thi» survey will now be considered. 

(i) Clinical condition A clinical history and superficial examination were 
found to be a poor guide Some patients with a cell count of above 20 appeared 
cured clinical!) and conversely a number with norms! counts appeared ill 
but on more detailed examination proved to be suffering from hookworms 
chronic malaria,, amoebic dy» enter) etc. For these reasons cl mi cal condition 
as a criterion of cure is omitted from consideration in estimating cure rates 
It is important to note however that very few patients with cell counts of 
20 or less appeared clmicall) stiU to be suffering from sleeping sickness and 
there were no trypanosome free cases with counts of 10 or less m whom ap) 
symptoms of lU health could not be more readily accounted for b) some uncon 
nectcd disease So far as it went then the chiucal finding* supported the 
belief that cases with normal or only slightly raised count* were free from 
infection. 

(n) Presence or absence of trypanosomes In all the patient* examined 
trypanosome* were only found in gland juice in two cases in blood film tn one 
and in the C S F in one Since many more than this number were certain 1\ 
still suffering from sleeping sickness this criterion also proved valueless 

(m) C.S.F picture A cell count of the C S F supported by estimation 
of total protein, was considered the only reliable criterion of cure in survivors 
Figures only slight!) above the normal gave n*e to some difficulty which is 
discussed below 

(iv) Mortality A history of death from sleeping sickness could onh be 
obtained by questioning relatives and friends of the deceased, *nd therefore 
lacked the objective value of C S F examination. Nevertheless, its use as a 
criterion of failure is unavoidable and it is believed that the figure* obtained 
are subject to only slight error Every effort was made to obtain the truth. 
Milage and section chiefs were questioned to corroborate the statements of 
relative*, and where potable the questionnaire was repeated after some weeks 
or months to see if the same answers were given this was invariably found 
to be the case A decision as to whether death had resulted from sleeping 
sickness or some unrelated cause was not so difficult as might be imagined in 
dealing with a primitive people since they were only too familiar with the 
late symptoms of sleeping sickness, and m many case* the cause of death was 
given with assurance os being due either to sleeping sickness or to one of a 
number of unrelated accidents or diseases such as a fall from a palm tree 
pneumonia strangulated hernia, or stricture Where the cause of death was 
unknown or m doubt, it has been classified as due to sleeping sickness. A* a 
check against deaths due primarily to sleeping sickness laving been credited 
to other causes, the death rate from other causes has been worked out. The 
figures for patients who had received Courses i to n axe found to be IS, 15 
13 25 12 and 0 per thousand per annum respectively which is almost certainly 
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an under-estimate, and while 18 1 deaths were attributed to sleeping ndmai 
or the toxic effects of the drugs employed, only -18 were attributed to other 
causes. 


KTriraiTATios of Catmtosrcvu. Fll id Findeccs 

Four questions ante m deciding on the significance of the C.S F ptetmr 
as an indication of cure, (i) Do any diseases coexist which might affect the 
picture ? (ii) What it the relative significance of a raised cell count and *1 
Increased protein ? (sit) Is it possible that, once the central nervous sytten 
has been seriously affected b\ sleeping sickness the membranes may wan 
permanentlv damaged so that the C S F retains an abnormally high ceD and 
protein content even though eradication of the infection has been achieved 5 
If this were so a slight increase of these elements would not necessarily cam 
any pathological significance (it) What period must elapse after cure befew 
the cell count reaches t final stable level 1 These question* will nor b< 
discussed seriatim. 

(i) Coexistent syphilis and yaws are probably the only diseases whxdi 
might tbcoreticaJh have interfered with the interpretation of the C.SJ 
findings. Fortunateh syphilis is definitely rare in the community studied, 
□nd the venter remembers having seen only one definite case of pnmary or 
secondare syphilis, though he has seen countless numbers of esses rhi 
gonorrhoea, Ahich appears to be almost universal among adults *nd chancroid 
•nd lymphogranuloma uigumak are not uncommon, lsns, on the other 
hand is endemic — a causal connection probably exists between the prevalence 
of yawi and the ran tv of syphilis — end it is estimated that considerably mow 
than half the enure community be c ome infected at some time in their bra, 
roost frequently in early childhood Many of the sleeping sickness patieno 
harboured yiws at the time of the enquiry mostly latent or limited ia its obrKV 
manifestations to clavus and other irregularities of the soles of the feet. The 
possible influence of yaws on C S F int erpre tation therefore becomes important 
to consider 

As s minor check, i cdl count was earned out on twenty people in the am 
who as far as could be ascertained, had never bad slee pin g sickness Ninetea 
gave counts of 5 cells or less but the remaining one showed a count of 
cells by the routine method used for all patients. It is not known whether 
thu person harboured yaws infection or not, but the result does Indicate the 
a few of the slightly raised counts in the sleeping sickness patients may t* 
due to chance von* non m counting onh 3 C-mro. or to some cause c 
tbiD sleeping ucLiwm __ 

Turning to the literature \ ore Seurat (1938) Siamtt St-DOTO (F® 1 )- 
and GcTroum ei ml (1942) have \ ubhshcd C S F cellular counts to 7*** 
case*. These observers differ somewtut m the results they obtained at differ™ 1 
stage* of the disease, but if then total hgures for all stages are combtoed * ** 
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found that of 342 case* examined nine or 2*6 per cent gave counts of 6 to 
10 cells inclusive, and the same number counts of over 10 cells Gutierrez 
e t at also estimated the total protein jn fiftv -three cases and found that m 
none did the quantity exceed 35 mg per 100 c.c. though in ten or IS 9 per 
cent u fell between 30 and 35 rag If the same figures app]} m Siena Leone 
the final sleeping sickness cure rate obtained m the present enquiry mil tend 
to be a slight under-estimate 

(it) Of the Sierra Leone cases whose C S F was examined at the final 
survey many more showed a count of above 5 cells than a total protein exceed 
mg 3o mg and though there were a considerable number with a raised count 
combined with a normal protein (cp Coses 4 6 and 7 m Table I) the convene 
was relatively rare Thus in 917 fluids examined for both cells and protein, 
seventy -owe were definitely abnormal (cells aboxe 10 or protein above 35 mg 
or both) but of these on!} seven had a proteir of over 35 mg combined with 
s cell count of 10 or lets. The omission of protein estimation would therefore 
have entailed an error of about 10 per cent, in recording abnormal fluids, but in 
calculating total failures after treatment, including the dead and the blind., 
the error would have been reduced to about 2 per cent. In preparing the 
tables of results which follow some arbitrary rule had to be adopted to include 
«* failures the few cases who had a raised protein but a normal or onlv shghth 
raised cell count. For this purpose cases with a cell count of 5 or less but a 
protein of 31 to 35 rag have been included us the corresponding 5 to 10 cell 
group and cases with a cell count of 10 or less but a protein of over 35 mg 
in the corresponding 10 group In other words a protein of 31 to 35 mg 
is taken as having the same significance as e cell count of 5 to 10 and a protein 
of over 35 mg the same significance as a count of o\ er 10 

It should be mentioned that some workers, particularly the French, place 
more reliance on the total protein figure than on the cell count m the C S F 
and there bIso seems to be some divergence in opinion as to what is to be 
regarded a* the upper limit of normal for protein All one can say is that m 
Sierra Leone the cell count appeared to be the more sensitive indication of 
cure 

(m) T. o shed light on. the question whether the C S F picture may never 
return quite to normal in some cases, ev en though permanently cured a number 
of patients were subjected to repeated lumbar puncture at intervals. In Table I 
forty five of these cases are tabulated they are not a random sample but are 
selected from some scores of cases to illustrate a variety of trends. The writer 
owes the raaywitv of the figures for counts up to 6 months to Dr E M LouaiE. 
This table together with other figures not here tabulated shows clearly that a 
slight increase of celts may persist for at least 3 years in a proportion of 
case* particularly among those who showed marked alteration of the C S F 
before treatment, though there r» every indication that treatment has been 
successful. Cases 13 16 36 42, 43 and 45 illustrate this trend. In the three 
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lot mentioned cue* particularly it *eem* moat improbable that tie cell cod 
would not hive men above 12 in 3 or 4 year* hid treatment not effected t 
cure. Clinically alio the*e patient* tjjpeared perfectly welL 

frv) Table I il*o provide* tome m/ormatjon on tbc period which m** 
elapse before the cell count re*chei * final *t*ble level. It showi tint CSJ 
eumrnition up to 9 month* :* of only limited value in mewing cure. At 
4 to 0 month*, not on!) *rc there many cate* with a considerably rawed cwnfl 
which are dcitined eventually to come down to normal without further treat- 
ment (cp Ca*ca 1 3,9 and 23) bnt ca*e* actually occur who have a nonad 
count at 4 to 6 month* but are evidently not cured, aince thdr count no 
•gam later to grossly abnormal level* (cp Caaes 6 7 14 15 and 24). The fiat 
tendency ii more common after cour*e* containing trypanamide, and the btlci 
after the diamidmc* but whatever drug ha* been employed either event ea 
occur At 7 to 9 month* a definitely ru»cd count i* of greater «gmficance bet 
there ii still no certainty borderline count* may be on their way up (Caw 29), 
or down (Case 27) and even a markedly abnormal count of 24 may not npJ) 
failure (Ca*e 32). Unfortunately no caaea were examined at 10 to 12 maids. 
Of the m caae* (Ca*e* 2 and 33 to 37) lumbar punctured at 13 to 15 nxmda, 
three with borderline count* have come down to normal after a further inrtrrri 
one (Caae 35) ha» gone up significantly and i* probably still infected, wfc* 
C**ea 2 and 38 have gone up slightly but arc probably cured, with a cocci 
which will continue indefinitely to fluctuate around or ahghtly above tk 
normal. Of the seven borderline case* examined at 16 to 18 month* a*d 
re-examined later four have returned to normal, two have remained atatnraarr 
and one ha* increaaed ihgbtly but probably not significantly from 10 erfr 
to 18 

From a consideration of these and other figure* the writer fed* that it* 
impossible to form a sound estimate of cure within 9 month* of treatrnerf, 
that if is not entirely satisfactory to attempt one at 13 to 15 month* and tW 
it i> preferable to wait until after 18 month*. Bj thi* time there will be fc* 
un cured case* whose ceil count* will not hive n*en considerably above nornnl 
and a figure of about 20 ccD* will then serve to differentiate cured case* wb 
a permanent slight excess of cell* from uncured case* with * ruing ecus 
In the present study the a rerage interval waa about 17 month* but *ome a* 
were re -examined as early as 13 month* after treatment For this reason, 
more stringent figure of 10 cell* has been taken as the dividing line. 

Roolti 

Past L — Photecttvk Eitkct of Treatment Aoahot SuMEOtrcrr 
Reinfection 

While the relapse rate in previou*Iy treated caae* was under mmtifttjce 
an interesting sidelight wa* thrown on the protection conferred by treatise 
agnmt the »ub*cquent reappearance of trypanosome* in the body flonh- b 
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only wit the number of case* who revealed trypanosome* in the penphad 
circuit non on re-cx*nun*tion a mere fraction of the number of obnous cfaW 
and C.S-F relapse* but it was also very much less than the number ctf rre> 
fectlorrs to be expected during an average Interval of 17 months in payon 
who had continued to reside in a highly endemic area. Actually onlr faff 
out of 1 732 case* rc-eii mined rrrcaled trypanosome* one in blood fiH 
two in gland juice and one in C.S F (No special methods were employed 
to reveal trypanosome* in the C S F., as their pretence in tins site is urn®- 
port ant from the point of view of transmission. They were merely looked fa 
in the course of carrying out cell counts, and the positive case is included here 
for the sake of completion in recording cases who showed trypanosomes iff 1 
body fluid.) It it impossible to prove with certainty whether these case* ccc- 
stituted relapse* or reinfection*, though there are reasons, discussed beiw 
for believing that one was in fact a relapse and the other three w ere remfectroea. 
It will the ref ore be convenient to consider the implications first on tie 
assumption that all four were relapses, and then on the aaaumptian that 
were reinfection*. For this purpose it it necessary to show for compansoc 
the number of relapse* based on grounds other than the reappearance ^ 
trypanosome*, and alto the number of reinfections which might have bees 
expected if treatment had conferred no protection against remfection. 

In Table II the relevant figure* have been act out, where they arc grouped 
by treatment course* as follow*, (a) Tryparsamide alone (Course* d and re) (*} 
antrypol alone or m combination with tryparsamide (Couraea i rii and It) 
(c) pentamidine or propamidine alone or pentamidine in combination wfa 
tryparsamide (Course* v n vu and vui). C.S.F relapse* are here defined 
as cate* with more than 10 cell* per c.mm. m the C.S F Since not all the 
case* re-examined were lumbar punctured, the figure* have been calculated 
on the p ercen tage bins found to obtain in those who were. (Slightly 
thin one half of the cases re-exammed were lumbar punctured.) The method 
employed in calculating the expected reinfection* require* more detalW 
explanation. 

With a few exception*, the patient* under review were originally diagnosed 
and treated during a mass survey of the whole population of the area concerned, 
and the population not treated was free fr om infection at that time as far a 
could be determined by the routine methods of gland juice and blood ffi* 
examination employed. On completion of the present enquiry the area w* 
again. *urveyed and a new infection rate of 4-9 per cent was obtained by the 
same methods in the previously untreated population. It is possible b°wc^ 
that a proportion of the incidence may be accounted for by case* who h* 
been missed at the first survey and bid survived, and by casual infected fane*- 
grant* from the adjoining part* of Liberia and French Guinea. Without gt*s# 
into detail, one may aay with confidence that, though the influence of the* 
factor* cannot be accurately assessed, it is most improbable that they account* 
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for i> much a* half of the observed infection* For the present purpose how- 
ever it 1 * safer to over- than to under estimate their influence, and accordingly 
2 5 per cent may be taken a* a conservative index of true new infection# 
occurring in the untreated population during the penod between the first and 
second survey* A similar percentage of the case* who had been treated and 
cured might have been expected to have become reinfected and to ha\ e revealed 
trypanosome* on re-examination if neither their previous infection nor their 
trea tm ent had provided any subsequent protection In column iv the numbers 
of expected reinfection* are set out on tin* basis ciz 2 5 per cent- of the cases 
re -examined and apparently cured of their original infections (i.e , with C S F 
cell counts of 10 or less) 


Table II 

r*OTTCncrr< CXTOTCBMD BT TMATltlNT AGAIXTT htHeqcint nnxrornox *xd blood ok 
CCLAXD JT71CX KELATSE. 


! 

Cocrxe of 
treatment 

Ca*« 

re-exam tried 

C.S.F 

relap*e* 

(> 10 cella) 

Expected 

reinfection*. 

trypanoaomc- 

pontiTe 

infection*. 

(a) Tryp«r* amide alone 

137 

14 

8 

3 

(* G J 1 B.F ) 

(J) Count* containing 

antrypol 

1,511 

88 

•0 

l(CSJF) 

(t) Courac* containing 
diamidtoe 


20 

1 

4 

0 


G J — Gland juice B.F — Blood film 


If we is»umc that all four trypanosome positive cases were relapses and 
not reinfection* then after tryparsamide there were three such a* against 
thirty four cases who had remained uncured by C S F standards but after 
courses containing antrypol or a duumdine there was only one C S F positive 
case and no blood or gland juice relapses as against s total of eighty-eight C S F 
failures. While it is admitted that more peripheral infection* might have been 
revealed if ipecial methods, such as blood culture or animal inoculation, had 
been employed, it i* at any rate clear that all the courses used, but most certainly 
those containing antrypol or a diamidine had a powerful effect in rendering 
even the uncured cases non infective for a prolonged penod. 

If on the other hand we assume that all four cases were reinfection*, even 
*° antrypol and the dtamidme* ore shown to have exerted a durable prophylactic 
action following cure for only one case treated by either of these drugs revealed 
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trypanosomes, and that m the C.S.F whotu thirty' three might hart beta 
expected to do to if no protection had been afforded. In the c**c of antrrpd 
the evidence appear* conclusive m that of the tEamldwes, where the nurabex 
at rule vrere fewer rt c*n only be considered auggettrve The possibility it* 
some cryptic infection* unrevealed by the method* used, may have occorrnj 
owing to tbe drug* having exerted a suppressive rather than a true prophylactic 
action, cannot be excluded even so the absence of dcmonKr»b]c trypanosoma 
in the peripheral circulation would render such infection* relatively wumpomst 
from die point of view of transmission by tsetse. 

The reason* for befienng that three of the trypanosome postttvc aaa 
were in fact reinfections and one a relapse are as follows. The three patteca 
with positive gland juxx or blood film were all clinically earl) case* wb» 
re -examined with large soft gland* suggestive of recent infection, and *11 bad 
C S.F counts of !e*a than 10 cells with * protein of under 30 mg It h tmHefr 
that their C S F would have been approximately normal if they had retained 
the original infections for which they had been treated over 15 months pre 
viously By contrast the patient with trypanosomes in the C.S F was cfcmaSt 
a late esse similar m appearance to other obviously uncured cases, and he showed 
*t high C S F cell count. 

To sum up If we accept these probabihtie* u correct, then trypanosoma 
were not demons! rxble m tbe blood or gland juice of an) of the 123 case* treated 
by a vanety of course* who had relapsed or remained uncured on the ban* cf 
■ raised C 8 F cell count Again, no reinfections could be demonstrated a 
1,307 case* crested and apparently cured by courses containing antrypol or* 
duuxudme though thirty three might have been expected. On the other hand 
three reinfections occurred smong 303 such case* sftcr tryparaamide alone, 
when eight might Jure been expected. 

\ tentative explanation offered as being consistent with these finding* it 
regard to reinfection is thst all the courses of treatment employed prod need * 
tempore re immunity due to the destruction of trypanosome* in arculatton, 
while antrypol and the dicmidmes (hot not tryparwmidc) exerted w sdditfoe 
a propb' lactic action persisting for over a year m the doses given (one or more 
dote* of 1 gramme of antrypol, five or more dose* of 50 to 100 mg cf * 
dnsudinc) The prophylactic effect of antrypol is of course already wf2 
known, while evidence thst tbe disnu dines exert a similar effect has b«a 
published by iw Hoot et «/ (1044) and by Fitltoh (1&44). The rts*» 
for considering their effect here is to stress tbe vahie they may have in d* 
control of an epidemic when used in combination with other drug* for lrcIf 
went, apart from their immediate curative value. 

However it r* not clamed that tbe above results necessarily apply hi » 
part* of West Africa- Probably a great deal depends on the local 
trypanosome A* regards the reappearance of trypanosome* m tbe perrpbtf* 
arcuhtiou in relapse after treatment, the writer previously found this to bsvr 
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occurred in a large proportion of relapse* in one small area in Nigeria after 
trypanamide alone, but in genera] hi* experience ha* been that it is rare in 
relaptea after combination* containing antrypoL A* regards prophylaxis he 
found in lome experiments with clean guincapigs, to which he gave proph\ lactic 
antrypol and then attempted to infect at varying interval* afterwards b\ lomc 
Nigenan straw* of recent human origin, that the duration of protection appeared 
to be influenced greatly by the strain tested a* well a* b\ its previous animal 
passage* The use of the lynnge for trans minion m these experiments 
however instead of the fly, preclude* dogmatism. Yet again, in another part 
of Sierra Leone where an unusual type of the disease exists, about 9 per cent, 
of a group of case* revealed trypanosome* 18 month* after treatment with a 
combination of antrypol and tryparsamide, but whether they r epr es ented 
relapses or reinfection* was not determined. After *uch variations have been 
taken into account, it probably remain* true to say that, in most type* of West 
African trypanosomiasis, the inclusion of antrypol or of a diamidine in treatment 
courses reduce* dsnger to the community arising- from the possibility of 
subsequent infectious relapse or reinfection among the case* treated. 

Part II — Comparative Core Rates after Courses i to vi 
Mortality 

The most noteworthy feature relating to mortality within 3 months is the 
high toxicity of Course in compared with the other course* combining 
antrypol and try panamide Lourje (1943) ha* already described the symptoms 
in these cases. There arc very few death* between 3 and 12 month* after any 
course among cases whose initial count was 100 or less, but in case* with count* 
of over 100 the comparative failure of the diamidine* is very evident (Table* 
m and IIIa, pp 112 and 113 ) 

CEREBROSPINAL FLUID FAILURES 

In Table* TV (p 1 14) and IV a the C S F result* are »et out in similar fashion. 
For the reason* already discussed, the writer considers a figire of 10 cell* 
to be a fair criterion in separating successes from failure# but the percentages 
of case* with counts above 5 are also given to satisfy the most exacting 
standards Here again the most evident feature is the failure of the diamidine* 
m fate case* and there is a suggestion of inferiority even in the group with 
between 6 and 20 cells before treatment. 

IMPAIRMENT OP VISION 

A patient who is cured of hi* infection but rendered blind m the process 
must be reckoned a failure and it is necessary to take visual impairment into 
account in computing successful results Table V shows the percentage of 
cases whose vision was affected after different courses of treatment. The 
most notable feature is the high incidence of blindness (5-6 per cent.) in case* 
treated by try panamide, though the figure is somewhat weighted by the high 
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Table III ibow* Q* mortality in coca daasfied by tbe C-S-F c*Q count befcrt 
mtim tni and tbe aunt employed, while Table UL* condense* ibe rwln into r*» 
group* with pre tre a tment cmmtj of abrne and below twenty cell* mp e cP i t ly and iocw 
poratt* »i*o the c o n oot (umber punctured before tre atm ent Death* anthm 3 roced* 
have been »bown separately because auch death* are attributable chiefly to tbe tadetj 
of tha drug* employed, though a few occurred * patient* who were moribund at ** 
mart and died before treatment had tan* to mftumea tbe d Hesse- Tbs rt mri okat d«^ 
tabulated are re*mcted to tboae occurring wrthin 12 month* m order to provide * 
corapwnaoo between different batches cd paoepta followed up at anything bet w«*J" 
and 28 twaitba after treatment. Mortality at under 9 month*, therefore refl ect* c* 
Umatj of the draft ctr^dayetf, trial* nxrctahtj- ti 3 to 12 month* reflect* itdarr t° 
a fatal outcdcqs of the mfrctwm itself Death* known to hate been due to crate* arc*' 
nected with roDctty or trypeorrwirnlswj are cx eluded- 
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proportion of late cue* treated by thu drug since vision u more frequently 
impaired by trypans mide m hue than in early cate* The corrected figure, 
explained below and shown in Table VIII (p 118) i* 4 8 per cent. 

HEALTHY SURVIVAL RATE. 

Healthy aurvnom mav be defined a* patient* who were alive at the time 
of the survey were not blind, and h*d « CSF count of 10 cell* or lea* (or 
where indicated by the context, of 5 cell* or leas) For reasons already 
given, clinical condition t* not here taken into account, but it may be accepted 
that no survivor* with count* of 10 cell* or 1 ms were clinically taspect. From 
the preceding table* ft general idea ms} be gained of the healthy aumval rate 
axnong ca*cs treated at different stages of the disease by different courses In 
many of the categories however the cue* are too few for statistical purpose*, 
the proportion of advanced and early cue* (as revealed by the C S F cell 
count before treatment) is not the tame in the different treatment groups, and 
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CJ-r cell ctwxTE rrrt** jlwd uon nun a tll* AfTm TWUTwnrr 
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not *0 the tumron hrre been lumbar punctured to show which were beaWtf 
snd which were not. A mctni u therefore required for calculating what the 
percentage of healthy aurviTor* after each course might have been if the pt* 
portion of advanced and early casea {ut^ the C 8 F cell dratnbuhon) had bet* 
the tame for etch course, and if *11, inttead of rather leas than «ie-b*lf. “ 
the tumron had been lumbar punctured. Thu percentage win berea/w b* 
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02 

1 1 
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__ 
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Non The fi|We» m column mo repnaerrt *12 c**e* treated !w* (1) incomplete corn** 
\*t mtmeed *nd (3) died. 
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referred to a* the itandardned cure rate. When ruch a mean* u found it ail 
be pom'ble to compare direct! j the rcrulu of the different treatment cow**- 
The method which ha* been employed fa tbit enquiry If flnuhr m pfrnopfc 
to that uted in calculating atindirdircd death-rate* from crude death- rata. 

The first itep was to obtain the itandard cell count datnbtiticn froc 
the record* of all patient*, numbering I 170 lumbar punctured before trot 
meet thi* was found to be u follows 0 to 5 cell* 52 2 per cent 6 to 20 
cell*. 26 1 per cent 21 to 100 ceil*, 9 1 per cent 100 + cell*, 12 5 per rat 
Thi* distribution miy be taken a* the normal for a random group of untreated 
keeping sickness ca*ea m thi* part of Sierra Leone at thi* tone, *o that the retttfo 
of any particular treatment course after correction to thi* itandird reproeot 
what it to be expected of that course in *uch a random group. It u to be noted 
that the case* not lumbar punctured before treatment were a* far a* u krxnrn 
entirely unteiected and *o constituted a random group The chief reason wij 
correction r* neccasary i* that among the exaea who were lumbar punctured 
aorne early case* were •penally selected for treatment with antrypol only 
tome late ca*e* for treatment with trypartarmde only 

The further step* i tiro! red ui calculating the standardized cure rate after 
each course axe act out m Tabic VI in which, aa an example, the cure ratt 
after treatment with Course u i» worked out. The figures in column (a) hart 
been obtained from the case records. The other column* are aelf-explamtory 
Tail* VI 

mxtmod or CALCCHTWO arAiuujffliiiD cna lun — CC*-W* n, tktt;u»amu«. 
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Since there vrer£ 47S cases treated by tryparsamide, of which 135 were 
lumbar punctured before treatment and 343 were not (see Table IIIa, p 113) 
the standardized cure rate is — 

(91*9 x 135) + (79-6 X 343) 

~~831 

478 

In Table VII ire set out the standardized cure rates calculated m tbit 
manner for each of the treatment course! Also included m this table are the 
rate* obtained similarly but on the more stringent bads of a cell count of 0-5 
as representing the limit of normalst) 


Tabu VII 

rrwousD hd etna Mia obtaihid bt varrmorc cocmei or rwa-meNT 


Course 

Cuti 

(«ctu*I) 

(•) 

* 

AAV C S F 5 cells or k»» 

(b) 

AAV CLS.F To cells or less 

H. Trrparwmide 

478 

70 J 

83 i 

in. AJ +TS 

I Ml 

78 1 

85 a 

tr A«mi T other 




cvambwittioen 

433 

85 7 

ea a 

r Penwmjdme 

in 

ft8-9 

73 a 

vt Propamidine 

Sfi 

71* 

73 1 


(») Percentsjpj ittrt and well, ut not blind — wnh C.S F cell count of 5 or Wu. 
(b) Percentage alive *nd w«U with C-S.F cell count of 10 oi leu 


The most successful course is shown to be Course iv antrypol plus 
trypamnude — other combinations, with a standardized cure rate of 93 5 The 
difference between thia rate and that of Course m, A3 plus T5 u statistically 
significant, while that between. Course ui and Course u tryparaamide alone 
i» not. 

It t* instructive to analyse the causes of failure after different courses 
of treatment in order to show how far failure is due to the toxic effects of the 
drugs employed and how far to lack of therapeutic efficiency This hai been 
done m Table VIII where deaths withm 3 months of commencing treatment, 
and blindness provide a measure of toxicity while subsequent deaths and 
cell counts exceeding 10 indicate therapeutic failure Coune u is seen to 
be accompanied by a high incidence of blindness and Course m by * high 
death rate within 3 month* while Course iv i* satisfactory in both these respects 
There is less divergence between Courses m and iv when the figures repre- 
senting therapeutic failure only ns 8 7 per cent, and 4-0 per cent, are 
considered This difference is not definitely significant and m theory no 
difference was to be expected. 
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It if more interesting to compare the Index of therapeutic failure m boti 
ccmraca containing tntrypol pltn tryparsamide (Course* iu and It) combined 
with that for trypaisamide alone The figure* are respectively 6-0 and 91 
per cent If the standard error of these percentage* i* based on aH the am 
1 rested by csch course (ne the case* cm which the death rate h cakuhtti) 
it u found to be l 3 and the difference of 3 8 is significant but If It ts bawd 
only cm the case* lumbar punctured after treatment (r^ the cases on wbki 
C S F failure* are calculated) it become* 2 3 and the difference is not significant 
There is thus no conclusive proof that a course containing a total of some nyk 
doses of antrypol and trypammide in combination was more effective in tba 
part of Sierra Leone at this time than one containing approximately the cm 
number of doses of tryparsamide alone, though there Is a suggestion that tin 
is so One might expect such a difference if some of the strain* of mfectnn 


Ta** vm. 

cicw or nrLm *rm miTMca 

Frjurrt rr p nxj it p*Tx*nue*» of total ran trtsttd by t*ch coo rat. AD fifurt* trt 
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Totll f,l Kit,, 

11-9 

14 a 

« 5 
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trypan otorac possessed s degree of tryparaamide resistance No proof b** 
yet been obtained that tryparaa nude resistant trypanosome* occur In the area 
under investigation, but an occasions! resistant case ha* come to light In other 
part* of Sierra Leone, and Colonel lz Rouiic, who u in charge of the try- 
pan osovman* campaign in French Guinea, ha* informed the writer that such 
cases are by no mean* uncommon in part* of that territory which adjoin Kaibbna 
District All that can be said a that tryparsamide retistance was uncornrnoc 
in the area concerned but in other t cm tone* where this fe at u re Is comp*# 
a more marked superiority may be expected of a combined course ovcf 
tryparaamide alone. 

Before concluding the review of these courses of treatment it b * ofti 
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referring again to the high degree of toxicity exhibited by Course m three 
doses of antrypol followed by five of tryparsamide, all at 5- day interval* Firstly 
u Table m shows no correlation existed between the *tage of the disease 
(tj C S F cell count) and the probability of death within 3 month*. One 
possibility investigated was the influence of nboflavm deficiency which was 
very much in evidence in the area at the time of treatment. Considerable 
numbers of sleeping sickness patients were carefully examined before treat- 
ment to reveal signs of this deficiency and patients with such signs were watched 
to see whether they tended to develop toxic symptoms dunng treatment more 
frequently than those without but this did not prove to be the case Another 
hypothesis tested was that toxicity might be traceable to previously damaged 
kidneys on the supposition that antrypol would increase the damage and so 
delav the excretion of the tryparsamide which followed, thus producing a 
cumulative arsenical poisoning The unne of a number of patients was tested 
for albumin before treatment and the patient* obierved for toxic reactions 
but here again, though a considerable proportion of patients showed albumin 
no correlation was found to exist between this factor and toxicitv and in the 
majority of case* albumin had disappeared by the end of the course The 
mechanism of production of the toxic reactions was therefore not solved 
unfortunately postmortem examinations which might have elucidated it, were 
not possible- A* regards the great reduction m toxicity which followed when 
the same course wa* given but an interval of over a month was allowed to 
elapse between the first and second doses qf antrypol, the most likely ex plana 
tion is that the interval allowed time for recovery m the patients general 
condition after the initial dose had destroyed all trypanosome* m the peripheral 
circulation The course comprising two doses of antrypol followed by 
tryparsamide all at 5~day intervals was found to be nearly as toxic os Course hi 
and there seems no doubt that, of all the course* reviewed, the best combination 
in Sierra Leone is the one which allows an interval between the first and second 
antrypol but is otherwise the same aa Course m The non toxic value of this 
course was discovered by accident when an initial dose of antrypol was given 
immediately after diagnosis for the purpose of rendering the patient non- 
lnfcctious to **<**£ until treatment proper could be started, and this protection 
u an additional advantage where it is not possible to arrange for treatment 
-follow diagnosis immediately A satisfactory rule for all occasions has now 
been worked out if it is convenient to arrange an interval of 3 weeks or more 
without treatment after the first dose of antrypol has been injected, then a 
further two of antrypol followed by fiv e of tryparsamide are given if the interval 
is between 2 and 3 weeks, only one further antrypol and six tryparsamide are 
given and if the interval u less than 2 weeks, then no further antrypol is 
administered and the course is completed with seven doses of tryparsamide. 
This rule has since been applied over many thousands of cases and it ha* 
been consistently found that no more than about 1 per cent, of patients die 
dunng treatment and no more than 1 per cent, become blind. 
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Past III — Tkatwect bt a Coubdcatnin of PcsTUirruxr jxd 

TurrARiouaF ADMctttrwED CotccwtExrvT 

A *nnu* author* writing on the treatment of sleeping sickness with pea* 
turn dine have stressed the advantage of a drug which can be girra by 4 j3t 
injection. Thif may be true for the Enured number of patient* in Africa rb 
Grt dose to a hospital or dispensary and for the itiD more Hunted mmler 
for whom in patient accommodiuon can be found, bet it is certainly not tret 
for the majority m West Africa who must stiQ be treated hr mobile team* w 
at centres far from their homes. In the renters e xp erience it u gnwiDy 
less upsetting to the African peasant * farm work and normal life to rat > 
treatment centre once every 5 or 7 days than to nut it daily for the tame c um to 
of times, and whereas he would not be willing to make a journey of more the 
3 or -I rrnks daily for perhaps 10 days, he will and does walk four times dot 
distance rtgulaj+r once m 5 dars on ten occasions Thu means that in mcW* 
campaigns a much larger area can be brought under treatment at one tax 
when injections are spaced, and such spacing allow* an injection team to trot 
at other centres during the intervals. These factors more than compos*® 
for the short period required to complete treatment in the incfindtul by drfr 
doac*. 

Greater practical advantage would therefore accrue from reducing tic 
number of attendance* necessary m the spaced type of course while returns 
its effectiveness, than from reducing the intervals between injections. SoA 
an aim might be realised by employing a combination of trypamnude w«i 
another drug such that the two drugs could be administered concurrently P 
full dose* without undue ion cut Antrypol as the second drug docs pot TntC 
the need because, when given concurrently with tiypai uumde, the dote d 
one or both drugs most be substantially reduced for the com betatron to 1* 
tolerattd. In the trial now to be described pentamidine was used, and 6« 
100 mg. doses of this drug were combined with free 2 gramme doses of trr 
parxamde, both drug* bong given on each of five injection days at 5-dir 
intervals so that the whole course was completed m 3 weeks. For comp®** 31 
m another group of case* pentamidine was given daily between the fits* 
second doses of tryparcumde, while in a third group used as a control, trr 
parsarmde onlv was given. It may be recalled that pentamidine, tfcoajk 
meffectjie by itself in late cases, ha* been ibown to be equally as eSccart » 
antrypol m the first stage (cp Tables III p, 1 12 and I\ p 1 14), 

Eighty four case* were obtained and confirmed by the deraoctstiatK* 
trypanosome* in blood or gland juice, all weir lumbar punctured, and tW 
were then divided mto three group* of similar cell distribution for tre®^ 
by Course* vn, rut and rx described in the introduction. Fifteen mond* k*® 
city three of the cares were obtained and re-exa m i n ed, sixteen cares ****_ 
available though reported slrre and well, four had died of unrelated c*^ 
and one, though apparently cured of his sleeping sickness, was suffenn* 
a pxcaplegi* which tad commenced shortly after t re a tmen t with Com* 
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With the possible exception of this patient no tone reactions occurred beyond 
the usual transient symptom* common immediately following pentamidine 
injection*. No cue died of tleepmg ticknea* and none became blind 

The finding* on re cxaxamttion are summarized in Table I\ The 
control group of patient* treated with five dotes of tryparsaxrude onl> were 

Tahut 1\ 

TKX1TUEMT BT A COMBDUTICW OZ TOI JOUDfNC AM) TMTA**AWt>* OTOtN t&X&WIXSTl.T 
TOGITHO WITH A CONTSOl CUtOCT TRXATTD BT 8 SXXXX OT TSTrARJAMrO* OVLT 

cjj ecu. ccnonr arrows and is months aft** t*zatwe«t 
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found to have responded to unexpectedly irefl that definite evidence d 
sopenonty of the pentamidine — tryparxamide combination could hardly be 
hoped for in so limited a tenet. In the event, no significant difference 
to be observed bet w ee n the three group*, and in the ag g re gat e of may-duet 
cate* °0 7 per cent, revealed a C.S.F count of 10 cell* or 1cm and m sj be 
considered cured. The tenet contained a high proportion of late cases, 
including about half a dozen who were quite helpless or demented, and wha 
the results are standardized for com pa r i son with Course* i to vi the contend 
cure rate nses to 97 2 per cent. Lack of tone reactions and of bEndnts* o 
Largely responsible for the comparatively high rate Estimations of total protea 
m the C S F were not done in this senes but, as has been already shown, an* 
error a ruing from the omission is likely to have been very slight. 

Discussion 

There is no doubt that a great variety of strains of human trypanosoca 
exist in different pans of West Africa, and that corresponding differrnca 
occur in the response of sleeping sickness to tr e atm ent. Ltsttk (1033) uobtel 
from cases of the disease in Nigeria a number of strains whose be ha non 
ranged from that usoaflr considered characteristic of T rhodewnse to the 
characteristic of T gmxibumr The present writer when working in Nigeria 
became acquainted with considerable vanetv in response to treatment a 
different areas. In one area some 500 cases were followed up about IS roantb 
after they had been treated by a course of up to fifteen 2-gnmme doses d 
trvparsamide, most patienU having received the full, or nearly the full, cour* 
in striking contrast to the present results in Sierra Leone nearly 50 per cert 
were found either to have died or to have suffered blood or gland jmee relap*- 
Tbe Nigerian standard course of three doses of antrypol followed by five d 
t rv parsa mide was then substituted and all people found infected m the *m- 
both new infections and relapses, were treated with this combination. A res 
or so later very few cases could be found. In many other areas a single ma# 
treatment with antrypol and trvparsamide brought a high infection rate do* 5 
at one stroke and for a long period to a mere fraction of its former figure 
Nev er theless m at any rate one area, m the nrghtxxirhood of Gadau, d* 
wnter found clinical and C S F (ceil count) re la ps es to be not mfreqtrf 31 
after the standard course, though even here, as m Sierra Leone penpbe^ 
trypanosomes we re scarcely ever found m such relapsed cases. A hmo^ 
strain was isolated m tins area at this tune which withstood dilutions of rrdoc^ 
tryparsamide tm ntrv at 37° C down to 1 1 000.000 for 24 hours, and 
a few animal passages succumbed to normal human serum in 3 hours- » 
developed a fair degree of virulence for laboratory am m a l a. Instances anU t* 
multiplied, but enough has been said to illustrate the argument tint d* 
response to a given course of treatment may be expected to differ cocuder*^ 
from place to place. 
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The avenge run of cases m Sierra Leone responds very readily to treat- 
ment, at any rate with tryparsamide and to this extent does not provide the 
best medium for testing new drugs and combinations, for which purpose a 
more* resistant medium would show up differences more clearly Nevertheless 
it seems probable that the response m different localities vanes more widelj 
to tryparsamide, owing to different degrees of natural or acquired trypamnude 
resistance on the part of the infecting organism than it does to antrypol or 
pentamidine, so that results obtained with these two latter drugs may be 
expected to be of greater general applicability Unfortunately antrypol and 
pentamidine are of little value alone in cases with serious mi olvement of the 
central nenoui system, for which tryparsamide probably remains the most 
effective single drug For large scale treatment therefore when regular C.S F 
examinations may not be possible a combination of tryparsamide with another 
drug is indicated If further trials confirm that the concurrent administration 
of pentamidine with tryparsamide is free from danger, then this combination 
may well prove the most general!) useful, since it carries the great practical 
advantage of reducing the number of attendances and the duration of treat- 
ment required bv a combination whose components can only be administered 
in succession. The property possessed by antrypol of reducing the rut of 
reinfection or blood relapse for some months after treatment is apparent!) also 
shared by pentamidine There u one drawback to the administration of 
pentamidine in the form of the hydrochloride, vts the immediate fall of blood 
pressure with attendant symptoms which it often produces , and this feature 
might well frighten certain classes of patient and preclude its use b) un super ~ 
vued •Uncan injectors but it ts claimed that the substitution of the much more 
soluble uethionate, of which the writer has aa yet had no experience, makes 
it possible to give the drug in no more than 1 or 2 c c. of distilled water by the 
intramuscular route, thereby reducing the rate of absorption and so eliminating 
this unpleasant side-effect.* 

To conclude, the posable advantages for mass treatment of a combination 
of pentamidine and tryparsamide administered concurrently would appear to 
justify a more extended trial in a locality where sleeping sickness shows a less 
ready response to tryparsamide alone than is the case in Sierra Leone. 

Summary 

1 The results are described of an m dividual survey in Sierra Leone of 
<tver 2,000 sleeping sickness patients who had been treated by vanoua courses 
of drugs more than a year previously , 1,800 of the patients were seen and 
crammed and in nearly 1 000 of them examination of the cerebrospinal fluid 
was earned out. 

*Thewnttr hss *moe used pentamidine rsethkmate m 150 mg. doses tntr armn culariy 
piKJcoe 200 cues in a prophylatx: trial, and has found that the unpleasant side-eflecta of the 
hydrochloride are m fact eliminated when the nethnwate a used m this manner 
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2. Cntcrn of final cure are di*cua«ed, and It u *hown that * decode 
in individual ctacj cannot be arrived at mtij certainty mthtn about 15 znoatia 
after treatment, The only criteria accepted in thia iurvey arc (1) refiaUe 
information regirding mortality and (2) the observed C.S F findrnp saott 
than a year after treatment. Patient* rendered blind by treatment were 
reckoned ** failure*. 

3. The C S F cell count la therm to be a more sensitive indication if 
failure m Sierra Leone than total protein estimation. In a minority of aaa 
the c<U count is found to remain slightly ratted up to 3 or 4 year* after treatment 
even though there r* every indication that cure ha* been complete. For to 
ret Km a figure of 10 cells has been accepted as the Emit of normaGty a 
attesting the cure rate, but to *atafy the mo*t rrnngent standards, the percrat- 
apr* of cate* mth final count* belcnr and a bore 5 have been fumnbed at 
addition. 

4 Since bte cate* arc harder to cure than early one*, and since tk 
proportion of late ctiei differed among the group# of patient* treated bj 
different drug*, the final result* hare been corre ct ed to show the expected j 
cure rate after each course in a collection of case* with atandard C.S.F ttfl 
distribution before treatment. The best combination of antrypol and try- 
paraanude a ihown to yield a corrected final cure rat* of 33 5 per cent, 

5 An incidental finding ha* been the prolonged protection against oral 
reinfection conferred by antrypol and probably also by pentamidine- 

0 In a amall scale trail with a course which combined pentamidine *ad 
trypar*amide given concurrently in full dottgr and was complete in 3 weeks, 
results were rexv promising though the average Siena Leone patient reacts 
so well to tryparaamide alone that it was rtnposatble to prove the supenortfj 
of the combination. The risk of toxic sequelae and visual impairment wsk 
this combmation appear* to be very shght, and it t* recommended for nttot 
extended Inal in other part* of West Africa where the average case i* nr** 
refractory to treatment with tryparaamide. 
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LEPROSY OF THE LARGE INTESTINE AND G ALL-BL 4.DDER. 
Case Report with Review of the Literature, 
by 

CARL E. TAYLOR, ujx* 

From the Board of Health Laboratory Gorgas Hospital, Anoon, Panama Canal Zone 


The gsutro-mtestinal and biliary tract* arc among the few portion* of 
the body which are generally *uppo*cd to e*cape involvement in leprosy The 
purpose of this paper is to report a case of leprous colitis and cholecystitis 

Review of the Literature. 

Tuberculoais a so often encountered m esses of leprosy tb*t pathological lesions 
of the gastro- intestinal tmrt h*ve usually bem attributed to tuberculosis. This observation 
Vr*s made by Hausen and Loon (1694) at the very outset of the definitive study of 
leprosy they believed that there vras no such thing as pulmonary or intestinal leprosy 
Ever since then any deviation from this concept has been regarded with scepticism. 
Fits (1943) m an authoritative review of the pathology of leprosy stated that in the early 
years of the study of the disease a few cases were reported as intestinal leprosy but ho 
thought they might have been misdiagnosed cases of tuberculosis. This is probably true 
of most of the reported cases such as those which Daniusszn and Bo roc ( 1 648) described 
** rcseii jhltng tuberculosis but a few of the reports deserve more careful attention. 

The case description that seems to be most authentic was published by \ on Rehnzr 
(1896) He was fully aware of Hansen and Loorr s observations and had personally 
•JtKbed some of their material- In ha own series of seventeen autopsies on lepers in 
Rigs, he found two that had typical mteatmal and pulmonary tuberculosa. Ha other 
case with intestinal lesiona was a /9-year-old man with extensive cutaneous and lymphatic 
leprosy A few pleural adhesions were the only pathological changes m the lung* there 
was no evidence of tuberculosa. He found many shallow ulcers with undermined border* 
m the colon and a few m the ileum. There was round cell reaction but he could find no 
giant cells or caseation necrosa Many aad fast bacilli were present m these ulcers, both 


* The author a indebted to Captain B H Kean h.C, A.CA and Major V. hay J 
Toulixjon 111, A.CS for aasatance tn the preparation of tha paper 
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uwrtr *nd in th* top* cbtcn considered typical ot Jeprwry These b«cxOf »towed tW 
rrlatrvcfr rapid dctoJomaricn of bask rain* by add* which wren then was me ga ed 
» betnq ■ valuable criterion for the differed totsan of the add -Jut bacilli. With tb* n«*J 
evidence \ on Rraxot could clean th*t this was mttartnal leproay ainvwt as poetorfy 
as we can Mr even today that *nr lesion has been caused by leprosy toaHL 

Settn-M (1903), m review tnff the ranous p«thokv«=*> raanrfestatJon* of kpewy 
mad* tto following rareroem “ Aj to tb* mtestme, DoCTaturovr and W oltob in the* 
case found sputa under the muscuLsri* muctxa, and ScH'rm in one case drsanrwi 
do*e in front of Hauhin a rahre a few sornrw bat rued w hrtnh yeDow ate** with dqursari 
centres w hsch were found tt> consul of leprous tissue In this case there anas also kprcsd 
tj^ue of the mesenteric jrlandu CASTJXiApi and CiuLum (1913) stated, the m*sl 
IcpKxmous tnfiltratkw may occur m tbe subemrawwa of the intestine. " \vu* 
(193fi) observed that the pastro-mmtmaJ tract it very infrequently birched bi leprae 
sod the mesenteric lymph nodes only occxssasiaHy contain baoflj 

In 1018 Mmvttt (1936) published an article m Japanese which ha* foe* tom 
reprmted m Enplfrh- Unn* serrral fat it* rm, ha ebir^ot tr> hare sdentffkd aeptresaar* 
of lepra cefls and occasion* ( baalb tn many organs a inch pnmewxfy had been thtMfk 
to remain free from mvtsaon He and b* found leprous tmue tn tb* oesophagus, tCocuidi, 
mtrsnne mesenteric a lands, pancreas, aahraty gtatyia, myoeardsum hit***, blsddn 
prorate, uterus, ovanea and suprarenal*. \o md scat ion of tbe frequency of occuftena 
of mteetmal lesioru is given except for th* statement, aome of the chances tot 

described arc tman*b/y seen tn the organs of lepra nodosum. He tunjraartred to 
finding* with th* following statement “ erm the few advocate* of mtewmd Jcprar 
has • depended upon the mretotet^rc exammafroo of ulcer* or tmert and here drinew- 
atntrd tbe ante nee of tbe feprosj bociDu* m t case oe two. It is no wonder that mm 
scholar* deny th* existence of intestinal leprosy They axe evidently not •ware of tie 
fact that m the upper and lower parts of the niuscuton mucosae of the stomach *to 
tatesono there usually develop numbers of lepra eefls, and ultimately so erteimre a patho- 
logical change as to to beyond comp ar ison with that m any other viscera, while no ch*cp 
whatever is to be observed tn th* mucous membrane * MrzsCDl concluded that V« 
Raima i case was tuberculoais solely because m his expenenca b* had found, “ abara* 
of ulcerstsoev n * charset rmtx: of IntestmaJ lepeosy and ttoreforc then seldom i f cm 
is any dsucai disturbane* Except foe tbe eartiet otoexvstKma mad* by CatitUJ^ 
and Chalaoos*, Mmuos * findmti hare not been confirmed. I have studied sectm* 
«amed with ■ modified Zschi-Neelsen stain using 3 per cent, sutphurv. aod for decoto 1 
traoon, which w ere taken from ranou* prutxmi of the apparently normal intes tine* of *** 
lepers No bacilli were found 

There a an unusually high nadsnes of choMethiaaia *nong leper*. KitX aod 
CBtUHttM (I&4T) fixmd an mesdmee of II percent, tn then- arms of ICO turn pme$ on tto 
IxtJunuaof Panama- P erhspa tbi* a raocured wrth (be hepatic lessons and the bpagnk wMd 
ar* frequently present » ten rear No definite eriderre* of leprous choiecratuis bat beta 
found tn these case* of cboieirthasn*. Danjujuk and Boicx (1*43) in trwir treaP* ® 
the pathology of leproey described an infection of tb* jail bUdder m which many super" 
fid*! whmsh tu b e rdf* appeared on tb* mocoMl mxrfse*. They tu (jested that dds 
lead to ratnatroo of tb* bOe with the wibarqoent formation of ealenfi. 

Cac Rkpott 

The patient w»* a 58-jrear-old black bartender who had been born a 
Barhtdox, Bntuh Weat Indie*, and hid lived on the Isthmui of Panama it 00 
1912. The family hutory waa negative. Tbe patient had never had typb»4 
dysentery matout, aypbiha, or any anrgrcal procedorex. Tbe only favr** 
contact with Jeproay wta ha having aerred beer to a leper on one occara*- 

He wax fiat seen at Gorgaa HoapstaJ <m 4th July 1934 Five moo™ 1 
before admmion he had noticed amah docretr papular and veatenJar 
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on his arms. Additional lesions then appeared on the cheeks forehead, ear*, 
trunk, and lower extremities. He also cxpencnccd a slight loss of tactile 
sensibility A. review of systems wu negative. 

Physical examination at this time revealed papular lesions hyperkeratosis 
hyperptgmentation and diminution of tactile sensibility of the »km of the 
face and extremities Small nodules were felt in the cars There was pitting 
oedema of the ankles Examination of the blood and urine was essentially 
negative His blood Wasserraann and Kahn reactions were negative on 
admission During the following 6 years positive reactions to either one and 
occasionally to both of these tests were obtained but without anv consistence 
He received antiluefcc treatment and after 1940 all testa were negative. Ail 
stool examinations were negative for amoebae and parasite* Throughout the 
course of his disease repeated examinations of smears from the nasal septum 
and various skin lesions were positive for Mycobacterium leprae 

When the diagnosis of leprosy was established he was transferred to Palo 
Sc co Leper Colon) While there he received intensive treatment with the 
following drugs chaulphosphate, neoartphen amine sodium bismuth tartrate 
0 5 per cent iodine, crude chaulmoogra oil neoarsphenaic bismuth salicylate 
and diphtheria toxoid. 

By July 1937 he had begun to show resorption of the phalanges of the 
hands and feet m addition to the cutaneous manifestations This osseous 
resorption progressed and was quite marked b) April 1939 when radiologic 
studies were performed In 1940 the skin lesions spread extensively and he 
developed definite delusional ideas of persecution. In January, 1943 the skin 
lesions which had been maculo-papular showed spreading diffuse infiltration 
and nodule formation Deep bleeding trophic and lepromatous ulcers 
appeared on the handa and feet His general condition underwent rapid 
deterioration On 1st March 1943 he developed moderately severe diarrhoea 
winch persisted to the end l week later Basal pulmonar) rales and ankle 
oedema appeared and he gradually lapsed mto a monbund state and died on 
8th March, 1943 

Autopsy 

A complete autopsy was performed 2 hours after death at the Board of 
Health Laboratory The patient was emaciated and cachectic, weighing 105 
lb and measuring 67 inches in length. The final anatomical diagnoses were 
Cutaneous leprosy of nodular lepromatous type involving entire body including 
*calp and external gem tabs with multiple lepromatous ulcers leprosy of 
peripheral nerves with trophic ulcers of extremities ulcerative cohtis leprous 
haemorrhagic necrosis of gall-bladder wall, leprous chronic passive congestion 
and bronchopneumonia of lower lobes of both lungs hepatomegaly (2,000 
grammes) multiple lepromata of liver portal cirrhosis, slight splenomegaly 
(300 grammes) leprous lymphadenitis generalized lepromatous infiltration 
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of mouth, note, pharynx, and epiglottj* mara rn gnffc,” right owctra 
resorption of phalange* of ah extremities leproma of abdominal »ytn pat bear 
yanghcm croaion of oesophageal mu rota dilated lacteal* in duodemm 
artenonephrotclerotu, slight tetttcular fibrosis leprous keratin* cstirxt, 
left left lateral culoboma leprous irrfw gynecomastia dental cants, 
severe mfettation with Strcmgylada strrtoralu 

\o significant grot* or rnicrotcopic pathological change* we r e found m 
the brain, cranial nerve* Gasserian ganglia, pituitary thynud, heart, or 
prostate. Careful examination revealed no evidence of tuberculous m the 
lung* or any other portion of the body 

The pathological finding* in the gall-bladder and gastro- intestinal tract 
detene detailed description. 


Gell-blttdJtr 

Gnus Exawvnalton — Striking grot* pathological changes were evident n 
the gall bladder (Plate, Fig 1 ) It mea*ured II x 5 x 3 5 era. and tk 
•erotal lurface ™ smooth and mirble white. The wall measured 02 d 
m thickness at the fundus and 1 4 cm. near the bate it m firm and had * 
pale hvahmred appearance The mucosal surface bad an unuaual moss* 
structure which «n formed by amall, pale yellow patches lying m a bed cf 
reddish-brown necrotic tmue 3 mm in thickneaa. Within the himen their 
were approximately 25 cc. of thick, viscid, yellowish- brown bile but no caknS- 
The extra hepatic bile ducts were widely patent. 

Wtarucvptf Extmsnattox — The architecture of all portion* of the wtlU hri 
been obliterated bv necrona. The indefinite, residual coliagenoo* framewori 
was distorted by oed emulous awdfing. Moderate diffuse inflammatory reactxa 
consisting of both polymorphonuclear leucocyte* and small round cell*, wx» 
pretent The *erota was smooth. In *ome areas the mucosal fold* coeU 
be vaguely identified but the epithelial cell* bad lott their identity The ftU 
of the mucosa had been completely destroyed by submucosal haemorrhage, 
the emhrocvtea bong fairly well preserved- The mosaic appearance of tk 
gross specimen was obnouily due to these irregular haemorrhage*. Sea** 31 
i tamed by a modified Ziehl-Neelsen stain, tmng 5 per cent sulphuric aad ft* 
dpcvfonzatma revealed the presence of a few acid fast bacilli raanbfaf 
1/ Upust some of them being arranged m typical parallel d oaten. Mod 
more abundant were numerous aad-fa*t granule* which ranged from * l** 1 
the sue of a coccus to sever a I times the diameter of an erythrocyte. In « ft* 
places a definite transition from bacilli to granules was traced (Fig 2\ 
some of tbe baalli assuming a itreptococcoid appearance. These 
granules were concentrated along blood vessels and in scar tissue and seven 1 
aggregation* of them were seen within endothelial ceD* and m macropioT*- 

(Ffg 3) 



r io 1 — Gall-bladder and Large Inteatme. 

Gall-bladder ahowa thickened wall and moaajc pattern of raucoio- The upper 
•egrnent of Urge in tea tine it from the aigmoid and thowa Urge ulcera while the lower » 
the caecum and showe am all ulcera. 


T 
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of mouth, nose pharynx and epiglottis raun en gnfFc," right ossewn 
resorption of phaUngea of til extreimtie* Ieproraa of abdominal syropatbctc 
ganglion erosion of oesophageal mucosa dilated lactesls in duodena® 
artcnonephrosclerosis, alight testicular fibrosis leprou* keratitis cauract, 
left left lateral coloboma leprous inpj gynecomania dental ana, 
severe infestation with Strp*£yktdsi rttreoralts 

No significant grew* or microscopic pathological chinge* were found o 
the brain, cranial nerve*, Gaaaenan ganglia, pituitary thyroid, heart, or 
prostate. Careful examination revealed no evidence of tubereulosi* in 
long* or any other portion of the bod) 

The pathological finding* in the gall bladder and gajtro- intestinal rod 
deserve detailed description 


GMtaiier 

Gnu EixwnHMJta* — Striking grou pathological change* were evident at 
the gall bladder (Plate, Fig 1 ) It mcaaured 11 x 5 x 3 5 cm. and t** 
serosal surface wu smooth and marble white The wall measured 0 2 co- 
in thickness at the fundus and 1 4 cm. near the base it was firm and had « 
pale, hyahnued appearance The mucosa! surface had an unusual moo* 
structure which was formed by small, pale yellow patches lying in a bed d 
reddish brown necrotic trnoe 3 mm. in thic kn e ss . Whiun the lumen that 
were appro eimatelr 25 c.c. of thick, mad, yellowish- brown bile but no calcufi- 
Thc extra hcpaoc bile ducts were widely patent 

WtcTotcopx Examtaaiiott. — The architecture of all portions of the wall ha! 
been obliterated by necrosis. The indefinite, residual collagenous framewflri 
was distorted by oedematou* swelling Moderate diffuse inflammatory react*®, 
co n sta ti ng of both polymorphonuclear leucocytes and small round cells, 
present The serosa was smooth- In some areas the mucosal folds couM 
be vaguely identified but the epithelial ceils had lost their identity The re* 
of the mucosa had been complete!) deitroyed by submucosal haemorrfa*J e ' 
the erythrocyte* bong fsiriy well preserved. The mosaic appearance of tV 
gross specimen was obviously due to these irregular haemorrhages. Sect*** 
stained by a modified Ziehl-Neeben stain, using 5 per cent sulphuric sad ft* 
dfcolontaboo revealed the presence of a few sad fast bacilli resend*** 
If Iff roe some of them bang arranged in typical parallel dusters 
more abundant were numerous tad fast granules which ranged from sh* 
the sire of a coccus to several times the diameter of an erythrocyte In » k* 
place* a definite transition from bacilli to granules was traced (Fig 2), 
some of the bacilli assuming a strep tococcoid appearance. These »ad-«* 
granule* were concentrated along blood vessels and in scar tissue and serrt* 
aggregations of them were seen within endothelial cells and in nucrophaf'*- 

(Fig 3.) 
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Gastrchinlestina] Tract 

Gross Examination — The oesophageal wall was slightl) thickened and over 
the mucosa were scattered confluent, serpiginous areas of erosion The 
gastnc rugae were hypertrophied and slightly inflamed. A few peritoneal 
adhesions were observed between loops of intestines Projecting from the 
mucosal surface of the duodenum were six soft yellow pea-sized cystic 
masses The small intestine was otherwise normal The large intestine 
presented a truly remarkable appearance (Fig 1 ) From the Ueocaecal valve 
to the anus the mucosal surface was studded with innumerable discrete 
greenish yellow nodules These lesions were most numerous in the caecum 
but the largest ones were found in the transverse colon A single lesion was 
found in the appendix. They ranged from 0 1 to 3 cm m diameter The 
small lesions were m the submucosa but pointed upward through the mucosa. 
The larger nodules projected above the mucosal surface and showed superficial 
ulceration The nodules were composed of greenish yellow, fnable, necrotic 
material and surrounding some of them there were narrow haemorrhagic zones 
In a few instances the ulcers extended almost to the serosa but no actual 
perforation was found There was marked induration and oedematous swelling 
of the entire wall of the large intestine. The mesenteric lymph nodes appeared 
hyperplastic 

Microscopic Examination — The mucosa of the oesophagus showed shallow 
ulceration and slight inflammatory reaction of a non specific character The 
duodenum was normal except for cystic papillomatous masses m the submucosa 
which appeared to be dilated lacteals All portions of the wall of the large 
intestine showed moderate oedema. Most of the mucosal lining was fairly 
well preserved and con tamed odly a few scattered small round cells and 
macrophages The ulcers were composed of sharply demarcated •masses of 
granular basophilic necrotic debris (Fig 4 ) Only a slight inflammatory 
reaction, consisting principally of macrophages was seen in and around these 
arca * °f necrosis Some of the macrophages contained the typical vacuolated 
cytoplasm of lepra cells. No epithelioid cells or giant cells were present. The 
centres of the necrotic areas seemed to be in the submucosa with ex tens ion 
m both directions so as to ulcerate through the mucosa and almost penetrate 
the serosa. In sections stained by a modified Ziehl Neelsen stain using 5 per 
cent, sulphuric acid for decolonxation scattered acid fast bacilli resembling 
M leprae and a few typical parallel clusters of bacilli were found m the zones 
of oedema and inflammation around the margins of the areas of necrosis. 
(Fig 5 ) Within the necrotic masses a few tad fast granules similar to those 
*cen m the gall bladder were recognized, together with many non aad fast 
bacilli md coca of various shapes and sizes which appeared to be non specific 
representatives of the intestinal flora. A few small haemorrhages were seen 
adjacent to some of the centres of necrosis but most of the vessels had undergone 
thrombosis No sclerosis or specific mflammstory reaction of the arterial walls 
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vt*j recognized- The folbcular architecture of the roeacmenc lymph oodo 
hid been obliterated by chronic, granulomatous inflammatory reaction triads 
included many foamy lepra cell*. No giant all* xrere aeen. 

Laboratory Findings 

Leprosy bacilli and globt were found m sections and smears from thr 
following organ* in addition to those found m the gallbladder and brjt 
tnteatme In the epiglottis and nasopharynx there were many bacilS «d 
globe In the lepromata of the liver a moderate number of acid fast bxS 
were tfrtt. Scattered through the spleen there were a few bacdb A for 
indistinct globi were found in the leproma m the abdominal ronpathetac 
ganglion In spite of the cxteniivt leprornatou* infiltration and ceflubt 
necrosis of the sim, no recognisable leprosy baalh were found m section* « 
fresh ametn. A few globi and indefinite acid fait structures haring vajes 
raargma Mere identified in the aim sections Fresh imeara of the fared 
contained larvae of 5 ttrrccrahs Many smear* from the margin* of tit 
intesunal ulcers were negative for amoebae and other parasite*. Routine 
chemical studies of the blood were negative. Smear* from the brain, spleen, 
nb marrow and blood were negative for malaria no sickling was aeen m * 
moiat film of the blood The s pea mens for bacteriological culture were fc»t 

Diaamtot 

Among the immediate cau*e» of death in leprosy various forma of dv*efit«J 
and enterocolitis rank high. Thu was particularly true in Mexico whew 
N.CNEZ Andbade (1939) m 1 074 cases of leprosy found non specific enterocoBw 
leading all other cause* of death with 15 5 per cent He also reported tba 
OHJ per cent- of the deaths were due to amoebic dyaenterj In Cub on CokKf 
(PncExiA, 1924) the percentages were 1 3 and 3-8 respectively for enterocofit* 
and dvaauety In Panama (Kean and CniUJXESt 1942) enterocohtfs cxn*& 

1 per cent of the deaths m leper*. It i* important, then, to determine if tl< 
intestinal leaion* in this patient might have had an aetiology other than lepnwf 
No amoebae were found after prolonged end artful search. The tick <* 
bacteriological studies make* it zmpoaatbje to state definitely that one of d* 
pathogenic Gnm-regativc baafli tu not present. However the grow **» 
microscopic pictures show no resemblance to any of the commonly recogm**" 
form* of bacterial colitis. Tuberculosta ts ruled out by the raorphoJog** 
appearance of the hanlb by the whole histological pteture and by the shso** 
of tuberculosis elsewhere in the body There was no evidence to indicate d* 
presence of the rarer form* of enteritis. 

The difficulties encountered tn eulnmng and transmitting the 
bacillus make it impossible to tncrmmme it positively a* being aetiology*** 
responsible for leprosy In not of this fact only presumptive cU>m* bz»™ °* 
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the practice of the bacilli in lesions can be made It is on this basis that this 
case is presented as being one of leprosy of the large intestine and gall-bladder 
The pathological picture of leprous lesions m any portion of the body 
may show wide variations baalli may be very numerous or completely absent 
in active lesions The multiplicity of the systems of classification of leprosy 
points to the obvious fact that because of our present lack of information none 
of them is completely satisfactory According to the Report of the First 
International Con gr e ss in Cairo (1938) classification of this case would be 
L N t !ft is particularly difficult to classify definitely the pathological changes 
in the large intestine and gall bladder There is nothing to suggest a tuberculoid 
reaction. The fact that both lepra cells and baalli were present would suggest 
that these lesions belong somewhere in the lepromatous group An intriguing 
theoretical possibility is suggested by the statements of Mitsui) A (1936) and 
of Castellani and Chalmers (1913) that lepromatous infiltration of a relatively 
benign nature may occur in the intestinal submucosa. In this case the sharply 
localized necrosis may have occurred in areas of lepromatous infiltration. Since 
the patient died during a lepra reaction, the necrosis and the scarcity of baalli 
may be attributed to the allergic factors which are thought to be responsible 
fob lepra reactions. It may be pointed out also that the lepromatous infiltration 
of the skin showed extensive necrosis and ulceration in the presence of only a 
few globi while m the liver and epiglottis the baalli were more numerous and 
the necrosis less marked The difference in the degree of necrosis and con 
verse ly m the number of baalli m these sites may be due partially to the 
presence of secondary infection in open ulcers of the skin and intestine as has 
been suggested by Ermakova (1940) 

Irregularly staining bacilli and granular aad fast bodies ha\e been reported 
in cases of leprosy by Hoffman (1933) Faure Beaulieu and Brun (1938) 
Ermakova (1940) Lowe (1929) and others. In the last two of these reports a 
relationship between these forms and lepra reactions was demonstrated. 
Rogers and Muir (1940) outlined five distinct morphological variations which 
they observed during lepra reaction*. They described rods containing a 
•cries of dots, giving the appearance of a string of beads and large, round, 
•pore like forms these are undoubtedly the same as the tad fast structures 
found in the gall bladder and intestinal lesions of this patient. 

Summary 

The published discussions of intestinal leprosy are scanty and contradictory 
There is some evidence for the belief that relatively benign leprous infiltration 
of the submucosa of the gastro- intestinal tract may take place. It is possible 
that rarely, particularly during a lepra reaction, this infiltration may undergo 
necrosis causing active ulceration which is aggravated by secondary infection 
with intestinal flora. In the case which has been described, the patient 
died during an active lepra reaction and had diarrhoea terminally Autopsy 
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revealed numerous necrotic ulcer* along the entire large mtettme there was 
al*o oedema, necrosu, and haemorrhage in the wall of the gallbladder The 
presence of leprosy barilG in these lesion* and the absence of other imcJogcd 
agent* provide presumptive proof that they were due to leprosy Ai fir u 
I hare been able to determine, \ on Rzun'ER t is the only previcaiily puh lhir d 
case which can be considered to be ulcerative leproay of the intestine I 
hare found no report* of leprou* cholecystitis. 


Casttu-vo, Aldo Sc CfULMOt, A. J (1913). VW ef Tnfmxd Mdkv*t 2nd E 4, 
1153 Newport William \\ ood ft Co. 

DvxttL«M D C & Boro*. W (1*43) TrmU dr U SfPddJArd mt ELpUntma in 
C translated by L- A. Cowclx, “9 & 225 Pari. J & BaUlPre. 

ErMUCOVA, N I (IP-W). The hutopatboloty of th* reactive phase of leprtanatoca Jeprray 
7*r. J Lrfrofy 8 159 

Finn Dtauiu \L 4 Baev, G (1933) Lea forme. granulatra do virui Wpn r ur d*o 
Ui htjem ham'nimnea, leur mutation o» ntn m formes badllaim. C K. Sot. BtiL, 
Pom 111 14J7 

Flair I vmxAnorvAL Coscam ov Lmorr (1&38) Report cf tba ftih-cermoittte « 
cUwifkstioo- 7«f J Lrfrvsv $ 339 

Frnt, G L. (1943) Leprory from the hirtaiof k pomt of view ArtA. TWA., 13, 61! 

Bwnw G A. A Loott C- (JS94). Lrprciy } m In CJnwrJ n*J PkiAoSoftcd Aiprib, 
translated by N \V aijcix- IS95 Bristol John Wnffct ft Co. 

HOOMAX, W K. (1933) Tha yTa rm lar forma of the Irprorj- ba nHut . Ini J Lrfrm 
I 149 

Ksax, B. H. ft CffluiM, M. E. (1947). A atannwy of 103 autopne* on Jepcoay pioecfl 
on the Itthrmn of Ptranuu IUcL, 10 51 

Lowe, J (1 92?). Leprou. rtactm Im&~ mrd. Gmn^ 1 43S -Ml 

Mmnw, K_ ( 1936) Thr ticm&snct of the vaosoJa fa the Virchow lepra crib, and lb* 
dastrilxjtiao of the lepra cell, to cer tai n ocgtm. lnt J l^rfmty 4 491 Rapiiuici 
from 7#Ap* Ip SJamAi, 1919- 

Nc\n Amwadc, R. (1939) Cams, mu frrojentt. d* mmtahdad cn la lepra. Jfnft-««, 
19 173 

PtXTOA, E. \ (1924). Pathological surrey of the cauae. of death m kpen at C u frc - 

J P I mnd. An.. 4 1® 

Rooaas. L. 4 Mna, E. (1940) Lrfnvrr 2nd EtL, 139 Baltmxm WiDara ft Witti* 
Co 

South, B- (1903)- Thr Durcort d ITnrm Cotcnirtrs, translated by P Faixm and edi*o 
by J Cantw, 2nd Ed„ 261 Philadelphia P Blatotno 1 * Son. ft Co. 

\ ox RjtrXEa, A- (1306) Daa leprOst trod tuberkul/ *• D amyeach wOr bei Lepra. -m* 
pr-fa Dttwl. M, 225 _ 

Want, H. W (1928). Note, on tba patboJosy of leproay J P I »td. Aa, • 37 



Transactions or the Royal Society or 
Tropical Medicine and Hygiene. 
VoL XXXIX. No 2. October ISMS 


THE CHEMOTHERAPY OF EXPERIMENTAL LEISHMANIASIS 
II A Dose Response Curve for the Activity of Sodium 
Stibogluconate, 
by 

L. G GOODWIN bjc., b.bharm (lovd ) * 

Tht Wtllcowt* Laboratories of Trofneal \Itdiane London 


In Pm I of this work (Goodwin 1944) it has been shown that the 
number of parasite* per 100 spleen cell nuclei of all types counted in spleen 
smears is a reliable measure of the degree of infection of Svnan hamsters 
infected with Leuhmama donor am It has also been shown thst a single 
subcutaneous dose of an effective drug may have a measurable effect upon 
the parasite count m the spleen. 

In the work reported tn the present paper the above observations have 
been used to obtain a dose-response curve for the leuhmsmcidsl activity of 
sodium stibogluconate, f The variation between the responses of individual 
animal* and the conditions influencing the results have been investigated. 

Methods 

Establishment and passage of strains of leuhmama in the hamster — Three 
strains of leuhmama have been used in this work Strain A (Indian 
Ittla aisr) and strains L and H (Mediterranean kala axar isolated in 
culture in March, 1944) Strain A wa» transferred to hamsters b\ repeated 
»ntra peritoneal injections of cultures strains 1 L and H were mocu- 

* The writer u grateful to Dr C M. Wexyon t il*^ for his interest and encourage- 
ment, to Mm C Roarrra for checking the calculation* and to Mr J M Judd for 
Invaluable technical aaantanca. 

+ Sodium antimony* gluconate Burrotitki WtSevme & Co „ Ltd — Sohutiboaan ** 
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Utcd into hamsters bj the mtmsplcmc injection of primary culture* of hamm 
*tema] puncture material. The jntraipJenjc route which ws* shown by 
Amxa and Tchermhioufti (1941) to produce rapid and heavy infection*, 
ha* proved to be a very uicful method for tbe establishment in the banater 
of frcihly isolated strains. 

Subicqucnt passage* of *11 three itmu nere made by intnpentoool 
injection of infected *plenic material 

Inoculation of test momals — It i* desirable that animal* to be used m 
quantitative work should receive equal amount* of a standardized Incculmn 
of infective material It i* not easy to standardize * *u*pen*ion of hamster 
spleen but an approximutelv uniform inoculum wa* obtained by selertmj 
a heavilv infected animal (with a parasite count of 250 to 500 parasite* per 1W 
tplecn. cell nuclei m biopsied apleen material) removing the tpleen nt& 
emulsifying it in 25 ml. of atenlc saline. The whole of the suspension an 
used to inoculate 50 fresh animal* in as *hort a time as possible each animal 
receiving 0 5 ml of the auspension mtiapentoneally Suspensions of Lnje 
Or very heavily infected spleen* were further diluted. Thi* method, altbou?k 
my appro vi mate, ha* been found to give consistent result*. Anunal* f* 
inoculation mere chosen to be tt uniform in weight and in tax a* possible, 
but a* the supply of hamsters was limited it was not poiaible to ererose mock 
selection of stock. However br recording the weights and sexes of the animah 
used, conclusions hare been drawn a* to the effects of the*< characters upeo 
the result* of leiahmamadal test*. 

Incubation period — Tlje degree of infection in the spleen of an anund 
Suitable for the lest is from 10 to 300 parasite* per 100 spleen cell node. 
Animal* with count* of les* than ten have been shown to be unsuitable few 
test, because a large number of nuclei must be counted to get a reliable figort 
(Goodwin 194-J) Heavilv infected animal* are sometime* resutant to tfn^ 
treatment, and are very susceptible to secondary infections. Abscess fonnitioc 
in the pouches or in operation wounds, and sometime* oedema asaociated witk 
kidney lesion* have been observed (Goodwin 1945). Animals with para® 1 ' 
count* of more than 300 are therefore best avoided. Bet w een the limits of M 
and 300 parasites per 100 spleen cell nude* hamster* are fairly uniform o 
response to drug treatment, as will be shown be low and mortality fa® 
secondary infections if not heavy 

The length of time for the development of infection to this degree 
found to depend more upon the strain of leishmsnu than upon the size <* 
inoculum used. Strain A required 3 months (the incubation penod 
by moat other workers), strain “L" required 6 weeks, and strain H ” °° r ' 

3 to 4 week*. Strain M A is now m its twelfth, and strains L ” and H 
in their fifth hamster pimga, and none ha* changed in virulence s o 
Strain “H is s useful test organism because of its un usual! v r? f* J 
development 
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After a suitable incubation period, spleen biopsy and parasite counts 
upon a group of animals inoculated at the same time showed that 60 to 90 
per cent, of them were suitable for use The rest were either too heavily or 
too lightly infected. 

Technique of spleen hiopsy — The surgical removal of spleen fragments 
was performed under ether anaesthesia in the earlier experiments, but soluble 
hcxobarbitone (100 mg /kg body weight given intrap entoneall)) is now used. 
There is do danger of postr operative pneumonia with this anaesthetic and the 
animals require no attention on the operating table The posterior end of the 
spleen was exposed with aseptic precautions, and a fragment 1 to 2 mra long 
removed with scissors Bleeding rapid!) ceased on application of a cotton 
pledget. The abdominal muscles were sewn together with fine rayon ligatures, 
and the skin secured with a running thread Rayon caused fewer adhesions 
and les3 tissue reaction than catgut. The wound was swabbed with antiseptic 
and covered with collodion which prevented the animal from biting out the 
stitches until the wound had healed Ever) animal was marked on the abdomen 
with a number by tattooing with Indian ink, and was isolated from other 
animals until the end of the tesL Although the operation itself does not cause 
any deaths, animals infected with leishmama are susceptible to secondary 
infections, and failure to observe aseptic technique may lead to a fatal peri- 
tonitis or the formation of abscesses at the site of the operation 

Estimation of degree of infection and the grouping of animals for test — 
Spleen dabs were prepared and counted by the methods described in Part I 
of this work. There was ins uffi cient time between spleen biopsy and injection 
of drug to make full parasite counts so the smear from each animal was examined 
cursonl) and classified as 4- (up to about 10) +4- (10 to 50) 

4- + 4- (50 to 300) or 4- 4- 4- 4- (more than 300 parasites per 100 

nuclei) The 4- and 4- 4- 4- 4- animals were rejected and the rest divided into 
groups as evenly as possible each group receiving both lightly and heavily 
infected animals Care was also taken that the weights of the animals should 
be evenly distributed. Doses of drugs were injected on the day after spleen 
biopsy and the accurate parasite counts were made at leisure 

The spleens of infected animals are considerably larger than those of 
normal hamsters of the same age, and it was thought at first that the degree 
of infection at the initial biopsy might be roughly estimated from the size of 
the spleen. As it is difficult to make measurements during an aseptic opera- 
tion a numbered senes of outline* of typical spleen sixes was prepared, and 
is shown in Fig 1 The dimensions of these outlines art such that the area 
of each, measured with a plammeter n 1 5 times the area of the one before 
Using this scale, the approximate spleen size of each animal operated upon 
was recorded both before and after drug treatment. 

Drug treatment and the assessment of effect —Doses of the solution of sodium 
stibogluconate containing 2 per cent, of qumqueralent antimony used for 
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human therapy were injected under the loose akin of the back* of hi mum, 
care bang taken to avoid injection into the pouches. The uncfenrabiEty af 
•lining treatment on the day after anrpcal operation la orerahadowed by tie 
fact that if left to recover for a longer penod the degree of infection of tit 
apjeen increases rapidly The parasite count before treatment would tfc» 
be rendered inaccurate. Because the abdomen had ao recently been opened, 
dose* were given subcutaneously not intrapentoneally 

One week after treatment, the trumab were killed and a accond Ml rf 
apleen dabs prepared. Considerable care was exercised in tbe choice of 1 wtA 
«a the beat length of time for tbe drug to act before assessment of the effect- 
Repeated biopsies and counti were made at mtervab after treatment and tb 
result* arc discussed below 


Rraumt. 

I The dote^retpome curve 

Tablea I and 11 show typical reaulta of the treatment with aodiuni adb»- 
gJucooate upon gmop* of hamsters infected with leuhmama atraina A " 

Ji Companion of the psrasite counta before and after treatment shs** 
that large doaea produced greater redaction* in count than araall doses, W 
that there waa conaiderable variation between the animal* at any one 4a* 
level. Some ha mat era recemng amall doaea incteaaed m Infection but 9* 
ao greativ as untreated control animals. 

For the quantitative comparison of drags, it is convenient if » 
relationship can be established between the doac and some function 
response the result* can then be treated by simple mathematical rued***- 
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DOSE (LOCARITHMIC SCALE) 


Fig 2. — Do*c-re*pon»e curre* for sodium ttiboglu corate (data from Tabic II) The 
curve* are separated horaoo tally to a vend coofunon Tbe logarithm of the ratio of parautc 
count* before and after treatment bear* a linear reUttorahip to the logarithm of the dose. 


Fig 2 shows the result* of plotting the mearts of functions of tbe responses 
recorded in Table IT against the logarithms of the corresponding doses. It 
will be seen that the percentage reduction in count 

/ count before treatment — count after treatment 
V count before treatment 

is a fairly good measure of response in the lower dose range, but with higher 
doses the relationship is not linear The reduction ratio 
count before treatment 
count after treatment 
is linear cmlj in the higher dose range. The best linear relationship for all 
dose levels is gi\en by plotting the logarithm of the ‘ reduction ratio against 
the logarithm of the dose. The regression line m Fig 2 was fitted by the 
method of least squares Other leiahmaiuadal drugs also give straight line 
graphs by this method- 


x 100) 


D 




uo 


aaonnun or Lmwtvuar* 


2. Correlation betrceen response tmgkt degree of infection end spleen a at 
The correlation diagrams in Fig 3 hare alao been prepared from the data 
in Table II The am mala in each group arc arranged in defending order of 
initial degree of infection, ao that poaiUre correlation between thi* and tie 
other character* plotted would show am a downward trend to the right. 

It will be aeen that there 1 a no correlation whatever between the degree 
of infection before treatment and the reduction ratio, weight, or apleen m. 
Thar i* significant po«dre eorrebBon between weight and tpken rk 
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Fio 3. — Corrrblion diaemn* (dan from Tab!* II) 


(r * 0-69S ± 0079 for the whole forty three ammiij). There t* a fugged* 
of negative correbuon between reduction ratio and weight, that u, that ber.f 
mamib may be more resistant to treatment than lighter one*. With the number 
of am mala used in thia teat, the correbuon is not aigmficant (50 mg /Vg dt*e , 

r 0 43 i 0 29 100 mg kg doae r - 4- 0-06 ± 0-35 200 mg A* &*- 

r - -0 22 ± 0 34 400 mg kg doae, r - - 0 20 ± 0 33 800 mg fig dote, 
r — + 0-23 ± 0-36). NevertheleM, the conclusion can be drawn that u» 
important to uae animals of aa nearly equal weight aa possible, and that 
tnimilt of varying weight hare to be uaed it it probably more important » 


















L. Q GOOOWIN 


I4i 


diitributc weights evenly among the groups than it is to group the animals 
according to the initial degree of infection Further information upon this 
point is being collected. 

The positive correlation between weight and spleen sire is to be expected, 
but the results also show clearl} that the size of the spleen is not proportional 
to the number of parasites it contains and that the spleen size is therefore 
useless as an indication of degree of infection. The size of the spleen was 
never reduced b) single doses of drugs in the course of 1 week, but animals 
receiving large doses, and which were opened se\eral weeks later sometimes 
showed a considerable reduction in size and lightening of colour of the spleen 
It is to be expected that if a proper selection of animals could be made 
from a large stock distributing litter mates among the groups and taking into 
account sex weight and degree of infection the variance due to individual 
differences in the groups would be considerably reduced. In spite of the mixed 
nature of stock used in the experiments recorded in Tables I and II the ealeu 
la ted values of t between the mean responses at different dose levels 
(Table III) show that doubling the dose produces an effect that is significant. 

Tabu III 

T 5 IT UOXmCANCZ MT ftl P THX rWFTTKSOES ts StM-OSH nKJOCCID BY CRADTO Dora 
or *001011 trraocxoooNATZ in hamttths r>JTtcra> httii ixtotmaxu 



• A T*k>e of " t ” of 2-0 end orer tt couidtred eignlflcent. 
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or on the borderline of aigmficanc* and quadrupling the dote produce* a fotWj 
significant mult. Thb it an advance upon previous aenu-quantltitivc roetiedi 
of estimating kubmanradal actmty 

3 The effect of rt* 

Group* of animal* of the nine aex were uaed whenever possible bat no 
great difference* of re*pon*e bare been observed between male and fettok 
ha nuter* of the aaroe age On one oeouion, icrme Infected female* were rad 
for breeding during the incubation period of itrain A." The ammab wbii 
had had htteri were then significantly more resistant to drug treatment tin* 
male* of the urec age inoculated at the nme time, and of a p pro xim ately tie 
**me degree of infection. It it essential, therefore, if mixed animal* ban 
to be u*«d to *eparate the aexet during the incubation period. 

4 I'anatiom in the position of the dast^respomse curve from teit to tat 
There i* considerable variation in the position of the do*e-re*poo*e cun« 
in different teat*, even with amrrula infected with the tame attain of leiihmjru 
(Fig 4). Therefore, when drug* ore to be compared animal* from the 
infected atock mint always be treated with a standard preparation Soditno 
stibogluconate ha* befcn chosen aa the atandard in thia laboratory a* it b ob tam- 
able in a tabic solution at a convenient concentration. 

5 The effect of tswst upon the response to a nnff t dost of dnq 
The chmee of the interval of l week for a drug to exert It* effect was made 
aa a result of a large number of experiments m which apleeu fragment* wtrt 
removed repeatedly from animal* after drug treatment. A few of the resolo 
are shown in Fig 5 It will be *een that with strain* A and L " tb 
effect of a dose was not ahraya complete at the end of the lat week, and 1 
further reduction of count occurred during the 2nd, and sometimes the 3rd er 
4th week*. By the 6th or 7th week, the infection was ogam increasing except 
in animal* which had received large doses some of the latter became quite 
free from infection a* tested by mi c r o scopical examination and culture* b 
Locke blood-agar and N N N medium. Some ammab infected with *tro* 
A ” and roost of those infected with » train* " L M and ** H showed * 
maximum effect for small and moderate dose* at the end of the 1st week and. 
if left for longer periods before assessment, the effect* of dose* would bare 
been missed. Dose* of antunoruals which were insufficient to cause rtdoctwe 
of count m the lat wetk seldom produced a significant effect when the anunib 
Were left for longer periods. Thus, foe the assessment of the effect of 
doses, and for convenience in routine teats, 1 week appear* to be the beat 0®* 
to take Longer period* may give greater response* to large dose*, bat 
test become* lea* convenient and the variation between the response* 
individual ammab i* grea t er 
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Fio. 4 Dote response curves for tod farm ttiboglucoottts. Tbe potiuori of tho Ime vtnes 
from tett to test. 


It mint be emphasized that this argument should be applied only to 
experiment! with antimony compound*. There are indication! that single 
do*es of aromatic di ami dine* exert their action for much longer period* than 
a week even in dotes which allow the infection to increase during the 1st 
week, a significant reduction of count ha* been observed by the end of the 
2nd or 3rd week. 

Discussion 

It i» puzzling that, with one exception the tenon of tingle dose* of drugs 
upon experimental leishmaniasis has not been reported previously When 
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WEEKS AFTER TREATMENT 

FlO ' — Tb* rffcet o I time of action of * »in<k infection of sodium ftibojtucoruf* 
the drjrct of rnfccOcwi tn the spleens of h ururttn moeuhtrd with different 4 

letshmams- Each sm of points connected by lines represents ■ set of oWrrmtioo* <■ * 
onffle incrrul 

tin* effect was fir%t observed with strain A, it was thought that this itrsa 
might hive become susceptible to drug iction bj attenuation through kej 
passage in culture. However the amt behinour was shown by die t»» 
freshly isolated strains, M L ” and “ H one of which produced nmisodh 
rapid and heavy infection in the himster Attenuation of strain cannot there 
fore be the cause. The species of hamster used (Cruefus nratm) j. 
u that used by Professor Adlbf in Palestine, and by Dr Fulton m 
«nd ret neither of these workers has reported activity with Singh. — 
drugs. The exception mentioned shove is a recent report by Kikuth ** 
Sam Ltrr (1W3) in which a tingle dose of an oily suspension of soltuffh 0 ** 
is said to have an effect upon infections tn the European hamster (C 
form) equal to that of eight injections of the watery solution. This setrod * 
attributed to the slower excretion of the oily suspension. 


i the «n* 

Lirerpod. 
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The results of the present investigation show that It is possible to obtain 
a quantitative dose response relationship for the Icuhraamadal activity of 
single doses of drugs in the Syrian hamster Eor simplicity all the experiments 
reported here have been made with sodium stibogluconate, but the results 
ob timed with other quinquevalent anti moms Is (neostam, neostibosan 
Ureaatibamme) are qualitatively similar and one of these drugs could equall) 
well have been used as an illustration. 

A test of this kind does not, of course, provide a complete investigation 
of the leiahmamadal activity of a substance. It is rather to be regarded as a 
counterpart of the widely used trypanocidal test, m which the transitory effect 
of a drug upon the blood infection m the mouse is used to standardize thera- 
peutic potency This kind of test does not show whether or not a drug 
is capable of complete stenbzation of an infection nor does it show the effects 
of repeated administration of small doses, though the technique can be modified 
to give information on these points The mam advantage of the method is 
that it is rapid, and gives a result for which the errors may be calculated. 

Soovo and Anderson (1941) have suggested that thirty animals should 
be used on each dose for the assessment of leishmaiucidal activity The results 
of the present work indicate that much information may be obtained from the 
use of fewer animals if the data are analysed. 

The next step is to compare the dose-response curves for various leish- 
mamadal drugs and to correlate the results as far as possible with clinical 
experience The results of such experiments will be given m Part III of this 
work. 


Summary 

1 A dose response curve for the leiahmamadal activity of single doses 
of sodium stibogluconate has been obtained. A linear relationship has been 
ahown to exist between the logarithm of the dose and the logarithm of the ratio 
of the parasite counts m spleen smears before and after treatment. 

2. The effects upon the results of initial degree of infection body weight, 
and the sue of the spleen have been considered. 

3 The effect of allowing the drug to act for varying lengths of time 
before assessing the results has been investigated A period of 1 week, appears 
to be most suitable for the testing of antimony compounds. 
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AN INVESTIGATION ON NEW REPELLENTS FOR THE 
PROTECTION OF MAN AGAINST MOSQUITO ATTACKS 

BY 

D BLAGOVESCHENSKY 
N BREGETOVA 

AND 

A. MONCHADSKY 

From Motcoa 


The repellent nets devised by Academician Eugene Pavlovsky proved 
to be extremely reliable in the protection of human beings from the attacks 
of mosquitoes and other blood sucking insects. Various repellent pastes, 
ointments and emulsions, which are applied to the skin, are effective only 
for a ahort period of time and their deterrent action is inadequate. However 
an increase m the content of the active principle is impracticable since it 
causes irritation of the skin, especially if this is moist from perspiration. As 
to mosquito- veils, though these afford mechanical protection, they are too 
unwieldy and therefore hamper the movements and are not very portable 
moreover they diminish the visual and auditory powers The repellent nets 
are free from these defects and can be successfully employed against mosquitoes, 
nudges and sandflies Under war conditions their importance for the Red 
Army troops nver flotillas and frontier guards is especially great. 

During the war it became necessary to find some new repellents, which could be 
produced from local raw materials and used for impregnating the nets. Our investigations, 
which were earned out m Middle Asia, had this object m view From a number of 
preparations (essential oils and by products of their purification) obtained from the 
“ Efironoa Worts at Pakhtaabsd we selected — after prelnmnaxy tests — the d «-pmene 
fraction of jumper oil As regards the other preparations, the results obtained with acme 
of them were negative, while others were produced in too small quantities 

Jumper oil is obtained from the young branches of Junspems teravsehamea Korn, 
^btch is widely distributed in Middle Asia at altitudes above 2,000 metres It* con- 
stituents include pmene, my rcenc and cedrcd Cedrol represents a very val uabl e medicinal 
preparation whereas d « pmene which is recovered m considerable amounts as a waste 
pr oduct m the course of its purification, has not hitherto been utflhted, on account of 
which the coat of production remained high. 

u have tested pmene both in its prure form and as a substitute for turpentine m 

Pavlovsky 1 ! formulas for repellent mixtures After a number of preliminary experiments 
our choice fell on the following two preparations m which turpentine was substituted by 
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d-»-pmtn* (1) “ naphth*4r*ol 20 ports, plnenc 10 water 70 nd (?1 ljaol 15 prt. 
p4nenc fi water 77 Our method of preparation of the mixture end of rrTprrtmtwn a 
the net* wu the urn u that recommended by E. pATumiCT 

Tun or Rmixctn ro« nit Individual Piemen on oe Man tmue* 
Natuial Conditions. 

The taw were earned out in the flood plain of the left bank, m the lore 
reach of the river Vakhsh (Dxbilikul region Stalina bad Province, Ta dtbd 
S.S R ) m a jungle rone thickly overgrown with oleasters, poplar* and boh 
In the course of these testa parallel control counts were made of moatjmtto 
attacking human being* under natural conditions cnee an exact estimate 
the effectiveness of the nets soaked in the teat substances could only be arrrrri 
at by comparing under identical conditions, the number of mosquitoes attack 
ing, on the one band, persons protected by the net, on the other those »* 
protected. 

The control counts of mosquito attacks were made throughout the etstut 
period of 24 hours by means of a recording apparatus which ensures •biaJutch' 
complete and objective results with a simultaneous record of the fundaroesol 
meteorological factors. The tests of the repellent*, together with the psrdk 1 
control counts, were conducted during the period when mosquitoes ret 
attacking most actively The tests were made by one or two mch, whose be»* 
were covered by the impregnated net in the form of a hood leaving the 
exposed The observers, who were placed near the control points, reconH 
the number of rnoaquito bites in the region of the face and neck, which 
the parts it was intended to protect by the net. Each experiment lasted 15 1» 
30 minutes. 

According to the data obtained from 403 control counts, the nund* 3 
and specific composition of the attacking mosquitoes were as follow* dnn< 
a count lasting 5 minute* the average number of mosquitoes attacking 
man was eight, while the maximum was 127 the predominant mosqaE* 
was the very active blood-sucker Mansoma rubareht (91 per cent.) while tV 
minority belonged to AnofMn tvprrptcitu Gr and A kyrcwnv s PalL (4 P* 
cent.) as well as to species of the genera Alin Culex and TktobtlM* (5 P® 
cent.) The insignificant proportion of malaria vectors among these mooqm^ 
doe* not indicate their absence, for m human dwelling* they con*trtu«d 7* 
per cent but it point* to their androphiham and adaptation to attack* * 
dwelling*. 

The total number of experiment* with net* soaked in pure d-« 
fraction and in a mixture of thi* with lysol or naphtha lysol was 59. O** 
Table 1 > , 

A comparison of the number of mosquitoes m the direct expenn*'- 
with those in the controls reveals the high effectiveness of the repellent** 

The effect of the nets lasts 5 to 6 days. Attempts to prolong the c °' ct £ r 
period by addition of ten parts of a vegetable oil to the mixture K 
remained m conclusive 
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Table I. 


Test 

Morton. 

Total Number 

6i Experiments. 

TotsI Dunoon 
of Experiment*. 

Number of 
Attacking 
Mosquitoes m 
Experiment*. 


Direct. 

Control. 




d-a-pmene 

14 

14 

40m. 1 lh. 1 0m. 

3 


M Nsphtin-ljsol " 



1 



pmrne 

38 

35 

15h. 50m. [ 3h. 10m. 

8 


LysoJ-pmme 


7 

Ih. 50m | Mm. 

I 



Tests of Repellents for the Protection' <3f Build ns gs 
These experiments were earned out at a collective farm of the Stalinabad 
district m an area infested with Anopheles ruprrpictus which ts Ihe most 
dangerous malaria vector m Tadzhikistan- At that time the cold autumn 
weather caused an increase m the numbers of mosquitoes entering houses, 
thereby bringing about an autumnal nse of the curve of fresh infections In 
Table II arc shown the results of catches with the help of an aspirator each 
lasting 10 minutes They were made in some of the buildings of the collective 
farm, and illustrate the degree to which the houses are populated with 
mosquitoes. 

Tabu: IT 


Bufldmg 

D*te of 
Obserrstioc 

1 

Time of i 

Numbers of 

A iMprrptctas 

i 

remak*. 

j Males 

ToUl. 

Ds» effing 

I*t October 

18 JO to 18 40 | 

45 

* a 

"3 

r 

4th 

.. 

I2J0 to 1L50 

66 

i 09 

164 

Empty cow -borne* ■< 

0th 


| 1 5 JO to 10 40 ' 

84 

1 8J 

167 

l 

9th 


12.15 to 1* 48 j 

66 

1 w 

185 


Bth 

- 

1 5 JO to 1 5 JO 

76 

29 

105 

\ 

»th 

* 

16.15 to 16.45 I 

1 1 

67 

10 

77 


In counts made in the open country with the help of the recording 
apparatus, the only species reported was again A superputus but it occurred 
m very small numbers, only ninety-two mosquitoes having been collected in 
the course of 172 counts. In this case the predilection of this species for 
dwellings and its tendency to attack chiefly m these, and not in the open are 
clearly marked. 

Tests were also made m a hut (fahtka) of the local type, with clay walls 
an earthen floor and rush thatched roof Daily catches were made of all the 
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moiqunoe* present in the house between 1 8 JO tnd I9J0 Dunn* tin 
period the windows were screened with rauslm, while at other un-ai tky 
were left open. On the day* when the tests were conducted the mndrn* 
were screened with netting having meshes of 1 5 x 1-5 an, tnd soaked o 
the solution to be tested- The door remained closed and the entrance t» 
curtained with musfin. (See Table III.) 


T**_» in 


Oat. 

Tow. 

Number of 
Mooquxxtt* 

Neture of ObwrtrtJOQ. 

hr October 

IU0 to 18 -SO 

7S 

Control count. 

Jnd 


10 

Control count 

ttxl 

IIJ0 

N3 

Vv wdcrw protected by net mild in 

>d 

ISJO to 1IJ0 

4 

Espcrkoent 

4di . 

* 

3 

Crpcr»»*nt 

W> 


in 

Ceemol rant. 

tkh 


i 

Con oof court 

fob 

18 JO 

NJ 

Window protected by net toafcrd in ■ ■> 
tor* of nepht}«4y»ol nl «-pir«oe (No R 

Tib 

l*.*) to If JO 

1 

Experiment. 

fcb . 

. 

l 

Zrprt knetit- 

fib 


If 

Ccejnoi court 


The results can be regarded ss highly satisfactory since even dweCiflf* 
in which the windows are scr e ened by wire game netting and the doors pro- 
tected by a porch are not fully ensured against the entry of single mosquitos' 
It has thus been demonstrated that the d-o-pinene fraction of jump** 
oil is a very effective repellent substance. It can be employed both in its pert 
form or as a substitute for turpentine in the formulas of Acadenuctf* 
E, Pavxoyikt The practical application of thfa substance is recommend^ 
tlso because there is a fairly abundant source of raw material tnd amp* 
possibilities for its production. ' 
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THE IDENTITY OF THE CILIATE BALANTIDIUM MINUTUM 
AN ALLEGED PARASITE OF MAN 

BY 

J M WATSON ajlcj.,- 
Lecturer zn Zoology Northern Polytechnic 
(Front the W til come Laboralcma of Tropical ATedtcme London) 


Perhaps the principal interest which coproioic protozoa hold for the 
medical man is the possibility which rusts of incautiously mistaking them for 
parasitic forms Many classical instances may be found in the literature on 
the intestinal protozoa in which forms now known to be free- living coprozoic 
specie* have been described as human parasite*. A critical discussion of these 
forms may be found m the works of Dobell and O Co xts or (1921), Weston 
(1926) and elsewhere Hoare (1927) made a detailed investigation of the case 
of Uronema cau datum, which had been alleged by Martini (1910) and 
by 'V aeimoff and his collaborators (1921 1922) to be both parasitic and patho- 
genic, and he was able to show that the forms described by these worker* 
actually belonged to at least two different species of well known, free-living 
cihates obviously coproioic forms present m the faeces as contaminants. 

Of all the doubtful cases of human parasitism, perhaps the best known 
snd at the same time the moat mysterious and controversial is that of Bdlan 
ttdium rmnutum Schaudinn. This cdiate was originally described by Schaudinn 
m 1899 his specimens bang obtained in a sample of human stool from a 
patient suffering among other things, from diarrhoea. It has only been 
reported a few tunes since, a remarkable fact in view of the immense number 
of stool examinations made annually m connection with dysentery diarrhoea 
and helminthic infections and for many years has been regarded as of 

* 1 tm deeply indebted to the authorise* of the Wellcome Fcmndatjon, to the 
Director in-Chief of the Wellcome Research Institution and to the D ir e cto r of the WeD- 
cwne Laboratories of Tropical Median e for extending to me the use of their admirable 
facilities m the execution of this work. I am also profoundly grateful to Dr C. A. Hoa** 
I for his unfading help and encouragement- 
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doubtful itatu*- Sorcioftct and Uc&ctlena (1917), Sancjo*ci (191^ Ptm 
(1919), and more recently Mayiick-ossiax (1923) have recorded it from hmn 
trat 1 have been uiubk to trace any further mention of it* ocetmrax. 
A» carlv as 1922, Bkvmtt fapgct'td that ihn ctTule ni really a ojprew'* 
wgamsm. and * careful study of the figure* and deaenptroc* gum Vj 
SciumrNX and b* San c load fa a* convinced me, not onfv that tin* a d* 
ca*e but tiso that the organum recorded and described by these obserrm 
e.ai acnullv m *11 probability the free-living abate B<tIa*hopk>nu tnsxta 
Schewiakoff Thu condition t* suppo rted by the fart that 11 iCffT (l°3y 
record* that a ciiiate. subsequently identified b Dr C Dobell, rJUL, " 
Baumtiophonu mxttvlta had been reported, both from human faeces and from tie 
•rater supply m the San Franasco datnet of California, u BabmUdnttr mn&r 

In order to implement iht* conclusion a careful comparison of the »tnjctun5 
detail* of the two speoes i* given below followed by a cnttcad ducmcca ti 
the apparent discrepancies and of the other report* of occurrence 

Sara? a ttitrtnwry of Sottcutvc t description and a copr of fa* finct 
appear ua inch standard work* as thoae of Dobell and O Ccrwna {l^l 
Cratc (1926), Mevton (1925) Knowld (192S), Tbomeov and RownTttn 
(1929) and Ktmo (1939), and amce the original paper tuetf (Jjjcott cl 
ScRAmrxN 1999) is readily available, it i» unnecessary to give a detaTri 
account of BalanttJrxn vtmrmn. It raw!, however be pointed oat dir! & 
copies of ScWArocot * figure given tn some of the above work* do not fa* 
the penttomial membrane which appear* dmrocifv though family in & 
original- 

The comparative table on p. 153 it baaed upon ScmCDECt a 
description of Balantutnm amorfion and upon my own description of Ba!tr£> 
phorta mtnuha (\k atK>n 1940). 

A perusal of the table and reference to Figures A and B thane hX 
Balenttiinna mtatitm resemble* BofaafiopAow tmrattw within tbe lirtua ^ 
ob*err*twnaf error in general form and dimension*, in the poiiuon of d* 
permome, in the position and transverse motion of ibe adoral cjfia, ct d* 
length and general appearance of the body alia, in the appearance and cmv& 
of the food vacuoles, m tbe position of the cvtoproct, m the position of l { 
contractile raowle and the macron odea*. end m the form of the nucroirock^ 
The two organa m* appear to differ on the other hand, tn the structum *> 
me of the perattreat, m the position of the discharge- pore of the cootr*^ 
vacuole, m the shape of the tnaertmucJem, in the position of the nucmoi*^ 3 
and m the form of the ertfx 

There « evidently then, a rerr clovr resemblance between tfa ^ 
dlittc*, marred only br * fevr apparent difference* which, however 
cktter etarmiutum prove to be of bat alight and doubtful significance- Tfc 1 * 
tn the first place;, with regard to tbe penfuxmal apparatus, the 
figured by SchaCDCCC closely resemble* the paru afly retracted hood of ^ 
piorar The afftenw extension of the pemtoimal depreaswn to the apo 
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Balaxtiopfrorus maaOms 


Shape 


Food 

sacuoks 

Cytoptoct 


Orel m ymm£ forms, pyriform in 
mature jndmduah Anrenor 
pointed end slightly bent to kft 
or right, opposite side sloping 
obliquely m opposrte direction 
Shows considerable power of 
change of shape 

1 50~3i^kmg X 14-20f*wtde- Gener 

I *llr about 3 2. 

j Niirovr ventral slit, wider m front, 
j pointed posteriorly Shallow in 
I front, deeper behind Occupies | 
| v. hole width of obbque mdmtoon 
| of anterior margin and extends 
i back as far as equator of body 
j being sbghtlr diverted to the ngbt 
i posteriorly Right margin sharply 

j defined bearing ordinary ctli# 
Left margin leas datmet, produced 
into than transparent, triangular 
membrane narrower in front, 

| which can be folded over the 

i peristomal canty Adoral cilia 
on kft margin which beat m 
i wards. No cilta in pemtomc 
j Ferforma opening and shutting 
movement! (like a mouth) m 
| bring animal. 

I Thm, long (7—8^ forming • dense 
covering No distract stria tinn of 
] body Apparent anterior tuft of 
longer cilia bent ventralwardi. 

I 

^ Small, contain fine granule*. 


Not distract, but in digest lbk par 
| ticks expelled posteriorly 

Contract ik Smgk poiterodoreal *nd slightly to 

vacuok | kft m position with postero- 

dorasl discharge pore. 

Macron uckia Spherical cmtrsl n position with 
distinct membrane and granular 
chrcm*tm. ft-7p m diameter 

Micron udeu* Smgk spherical lying ckrec 
sgsinat macrormclear membrane 
on anterior side lp in diameter 


Cyat 


Mature cyst generally oval. 


Unndly orod, rounded at both 
ends, anterior end being nar 
rower more markedly so tn 
mature individuals- Anterior ex 
tremrry bent ventralwards, dorsal 
side sloping obliquely m opposite 
direction. Shows considerable 
power of change of ihxpc 
\ cry variable 12-.rt>i long x "-33 ft 
wide — mean about 32 X 31 n. 
Generally about 3 2. 
Spoon-shaped depression with nar- 
row end an tenor S routed m 
middk of anterior half of Tentral 
body surface Shallow m front, 
deeper behind Thm, trmns 
parent sac like membrane nar 
row m front, wider behind at 
tached to kft, posterior and right 
margins with anterior opening 
Membrane cnospicuoas when 
expanded but am be retracted 
into peratonual canty be mg then 
m visible. Adoral alu on left 
margm which beat inwards No 
cilia tn penstccne. Right margm 
bears ordinary body-alta. 


[ Thm, long (3—8^) and setrform 
I forming a dense covering \o 
t du tract stnanon of body Ap- 
parent anterior tuft of longer 
| aha bent ventral ward* m some 
| individuals. 

j Small, contain mmatt bacteria. 

Po*terodor*al — dearly shown only m 
silver preparations. 

Smgk posterior , with ventral da 
charge pore 

Generally elliptical central m 
position with distinct membrane 
and granular chrom a tm . 8 ft in 
length m an average specimen . 

Smgk spherical generally m 
small depieauon of upper surface 
of marronucieia but position 
vanes. i-ijs dmnrtrr 

Mature cyat irregularly spherical 
wrtb rugose surface. 
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A. Bal+KtidiMM wctmaom (*frer Sohudcoi). 

B mojattuj (on»±rul tunn hiodi drawing from *n uwednei 

fwmibo-fiaed t^Kcanen). 

C B*L-t*ndaam i *rt**n»r «p- (tftrr SUxaionai) 

D Bdrxtidiam <rrt*vhr*» *p unhewn («ff er Savojoaicu) 

the body U de*cnbed by Schaddikm a nn error which coufd twily be rtod' 
m rda&on to BaUnltophorus arnce the pre-oral keel of the latter and the btX 
that anteriorly the margm of the penatonual depremon a not aharp but bs«F* 
gradually with the body aurf*ce (already aioptng m the tame direction) * 
toy to imagine a it* mm eatamon of the peratocne to the tip of the Mf 
More especially it tha the caae when Schtwiajcott I sodium carbon* 
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technique is employed aa it was by Schaudikn Further Schaudenv describes 
the peristome as opening and shutting like a mouth which implies a somewhat 
variable shape, 1 ha\c never observed such movements in BaJonfiop/ionu 
but thev might have been simulated by the raising and lowering of the pen- 
stomial membrane In this connection it raaj finally be remarked that it is 
exceedingly difficult to get on accurate notion of the structure of the penstomc 
in Balantiophorus minutus the membrane being practically invisible in living 
and unstained specimens and generally much distorted in sodium carbonate 
preparations the only really satisfactory technique in my experience being 
the silver method of Klein by which both the root and margin of the membrane 
were well shown. In the second place, the position of the discharge pore of 
the contractile vacuole is difficult to determine on account of the small size 
of the structures I was only finally convinced of its position in Balanttophorus 
minutus by observing some China blue preparations m which the stain had 
completely filled the vacuole and discharge-pore evidently caught in the act 
of discharge. In the third place, with regard to the nuclei the form of the 
macronucleus m Balantiophorus tmnutus is variable, and I should not be 
surprised to find that in a particular strain it was generally spherical rather 
than ellipsoidal while the position of the micronucleus is also liable to change, 
and is certainly not a characteristic on which any specific distinction should 
be based. Lastly there remains only the shape of the cyst. In this con- 
nection it is noteworthy that Schaudinn studied a mixed infection of 
Nyctolhrrus faba and Balantidium minutum and makes no mention of having 
made any cultures of either species alone. He says that the cysts of N faba 
were also oval and indistinguishable from those of Balantidium minutum 
except by the structure of the nucleus which contained large chromatin masses 
m N faba smaller granules m B minutum. Moreover no description or 
figure of the cysts of either species is given, apart from the bald statement 
that they are oval it is not even stated whether the cyst-wall was thm or 
thick, or whether it had a smooth or wrinkled surface. It seems to me likely 
that, in fact, Schaudinn never saw any cysts but those of N faba Balantio- 
phorus minutus rarely forma cysts m the laboratory under ordinary conditions. 

A further relevant point is the fact that the dimensions and proportions of 
Balantidium minutum as described by Schaudinn in the text, do not conform 
to those shown in the figure If the latter be redrawn to conform with the text 
it bears a particularly close resemblance to the bursana -form of Balantto- 
phorus minutus 

With regard to the circumstance* under which Balantsdsism jmnutum was 
found, it should be noted that the patient from whom the stools were obtained 
was a German waiter 30 years of age who had recently crossed the Atlantic 
and resided for four years in St. Louis and New kork. He was admitted to 
hospital suffering from abdominal pains accompanied by alternating attacks 
of diarrhoea and constipation with pain during defaecation and intense anal 
pruritus. He had previously suffered from malaria and gonorrhoea, and while 
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m the hospital showed inflammation and haemorrhage of the Jung*. In addffloa 
to the al rates the stools contained numerous eggs and larvae of AnkyhstmOt 
which would probably account for the abdominal pain and anal pronta. 
The patient was apparently cured of diarrhoea by administration of qummt 
for 3 days, after which he left hospital and disappeared. 

Jakobt state* that the stool was taken directly from the intestine for the 
purpose of examination, but he does not state whether it was received mte 
I sterile vessel whether it was diluted with tapwater or tut) other roedhna 
nor whether it was examined immediately or left to stand for some time. TW 
occurrence of a second infection with Balantidium mvntum from another 
patient m the same dralc see ms to indicate that the source of the a Into n 
the stools was perhaps the tapwater used to wash the bedpans or to cEntt 
the stools \\ IQIIT (1928) found BalantiopMona to occur m tapwater J 
California and sayi it was often reported from faeces as Balantidium rnmtru. 
If thus mistake could occur with modem methods and in the light of nwtt 
up-to-date knowledge, how much more likely u it that it could hare occumf 
30 years earlier 

The only remaining diffi culty in identifying Balantidium mmutum with 
Balantiophorui minvtui now teems to be the fact that the former was, accon C*C 
to J aKoby and Schaudinn only found in liquid diarrhoeic stool* and disappeared 
from the normal formed stools. My experiments upon Baimntiophorui mint*, 
however have shown that it is not able to survive snd muluply for loeg a 
liquid stool* (\\ atbon 1945). This arcumstance probably sccount* for tk 
rarity with which Balantidium uunatum ha* been subsequently reported, su* 1 
it is generally these abnormal stools which are examined. Two possibk 
explanations of the apparent discrepancy in the original case present thro- 
seUe*. On the one hand the stool* of Jakobt s patient may although hqak. 
have had a low osmotic pressure and been devoid of bile in which c** 
Balantiophorus uwurtus might have been expected to survive in them On dr 
other hand, even if the stool was not diluted — there bv enabling Balantiopkeru 
rruKUtm to sum\ e in it for tome time and even to multiply — it may br# 
been examined fairly soon after passage, m which case, as my expenine®* 
have shown (Watson 1940) the abates would still be alive. 

In the Utter part of hts paper Schaudinn remarks that a further 
sample from another patient at the same dmic was brought to him by ^ 
Schulz, and that this sample also contimed abate* which pro red to f* 
Balantidium minium again. Schaudinn say* that as far ts he knows SchiiJ 
himself would give a report of this second case. Scitulx a account *pp c33T * 
shortly afterward* (1899) but in it be states that he at first thought h® 
was Balantidium protozdon [nc] but that upon consulting Dr Satin*' 1 
he wa* informed that it was Colpoda cucullui This extraordinary dUcrep 3 ^ 
ha* already been remarked upon by Dobell and O Conxo* (1921) who ' ^ 
reasonably infer that it raise* doubts with regard to the identity not emu 
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the abate in question but also of the abates originally desen bed as Balan- 
tidium tmnutum SCHULZ s paper is hardly convincing No figure is given 
and the extremely meagre descnption could appl) not onl) to Colpoda cucullus 
to Balantidium Tmnutum to Balantiophorux mnutus but also to am one of a 
considerable number of free-living abates hence, after this lapse of time, 
it is impossible even to make a conjecture as to the identity of the organism 
with which Schulz was dealing The patient in question was suffering from 
a high grade anaemia, which Schulz believed to be due to the abates and 
it is suggested that the infection was contracted b) drinking pond water 
containing much decaying organic matter which apparently induced vomiting 
abdominal pain, headache and progressive weakness The diarrhoeic stools 
which were examined also contained Gtardia tnteitmalu According to 
Hartman and Riser (1941) m a small percentage of Gtardia infected 
individuals, symptoms simi lar to those described b\ Schulz ma\ occur Or 
more probably the condition of the patient was due to some bacterial infection 
which wis not traced In an) case it is quite certain that it was not due to 
free living aha tea ingested with the pond water as an) such organisms would 
mostly be destroyed b) the digestne juices of the alimentary canal and any 
survivors could not live and multiply for long at the temperature of the human 
body Rounded and egg shaped evsts with a double wall are also mentioned 
as occurring in the faeces It will be remembered that the aits of Balantia- 
phorux mimitus are irregularly rounded and have a double wall \o statement 
is made as to how the stool samples were collected, whether the) were diluted 
or whether they were examined immediatel) or after an interval Schulz 
attempted to cultivate the cihates in broth, urme and faecal suspension but 
the results were unsatisfactory Pos&ibl) although temperature is not men 
turned these cultures were maintained at blood heat, m which case no free living 
abate would be likely to survive. 

In view of such evidence as is available it must be concluded that Schulz 8 
abate was a free living form which contaminated the faeces after their passage, 
that its identity cannot now be determined, and that the contradictor) state- 
ments of Schacdinn and Schulz with regard to it throw senous doubt on the 
identity of the original Balantidium tmnutum 

Five other reported cases of the occurrence of Balantidium tmnutum remain 
to be considered. The first of these m chronological sequence is that of 
Brooks (1903) who refers to the finding of Balantidium tmnutum b\ Dr 
Rubs ell m the stools of soldiers m Porto Rico but as no details or figures 
are given and no further account appears to be available this case may be 
dismissed on the grounds <?f insufficient evidence. 

No further report of its occurrence appeared until 1917 when SangiORJ 
and Ugdulena published a brief account of a abate which the) obtamed from 
the diarrhoeic faeces of a soldier This organism, which varied m size from 
28 S ^ 11 2/i to 36 S X 25*6/* an d formed oval (?) cysts measuring 12 8 
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X 1 1 2f» i* stated to hare corresponded to B mutafton of Jaiobt mi 
ScHACtiro; from which it differed only m the exeentne position of the macm- 
nucJcu* end tn the peculiar orientation of the nucronucJeu*. The anthem 
proposed to call it “ Balanhdjum wanattim sp Itahnun M [nr] fiSNGIOKH ad 
UcdCLEXa had no difficultr in cultivating this abate by sowing * locpfnl cf 
fresh faeces in. peptone water the cultures being allowed to remain st room- 
temperature, and aubmoculatmg wceklv The organisms showed rapid 
development and became extremely numerous, cncystment occurring aftn 10 
dan Cultures woe also obtained on the anrfaee of ordmaiy agar The* 
facta indicate that the organism m question was actually a c o p roa oic hot act 
an entoxoic form and it had presumably gamed acres* to the initial cuhnra, 
or to the faeces, by contamination. The description of the abate would apply 
equally well to BelanUophorvj mmitaj as to Balxnlsiu nu imnlun, while tit 
dimermoni given for the cysts are comment with the possibility that they wot 
irregularly spherical, as in Balantiopfronu vanwtas rather than oral. Unfor 
ttmately no figures are given. 

Two years later 8ANG10K01 (1919) reported the occurrence of a fora 
closely resembling wanutmm m asm pica of water taken from weOi 

or pools at \ alona. The ciliatea multiplied enormously m the samples examined 
Morphologically they were stated to differ from Jakobt and Schacdecc’s 
rpears in the greater thickness of the ectoplasmic layer and m the displacement 
of the contractile vacuole and nucleus. From the figure it appears as though 
the latter feature might be the outcome of misinterpretation- In this case e 
is evident that the author was dealing with a free Hong cilute, and hi* figures, 
though crude might well represent BcUxtiopkonu vnmtut. It is not without 
significance that the co p y of Jatobt and SchacdinVi figure of BalanhJan 
mxjatmm given by Saxciotcn ts grossly inaccurate. Saxgiokci proposed » 
call this organism BalantuSum mumtuM sp Atbaxensf " The dimcniKma pro 
are amsataith similar to those of Balanbop/tonu wtuattvs Oval cysts, 129 
X 10 2ji are stated to have been formed. 

Pmo (1919) recorded the findmg of BaLatuhwm wnmtvwt m fiv e specimen 
of faeces out of a total of 3317 examined at various places in the State of Paran* 
Brazil \o figure or description of the organism so named is green, to dal 
this case lie that of Bstoott (l c *03), must be dismisied for lack of suffioetS 
evidence. 

Wight writing in 1920 refers to the fact that reports of the finding* « 
BdantuBum mtarUrm m human faeces have been made from time to time ts 
California, but considers all these reports to be errors based upon contain mao'* 1 
of the faeces with Baiantiophorus wanvtui which u stated to occur in the vtftf 
supply , 

Subsequently as far as 1 hare been able to discover only one report <* 
the occurrence of Balanhintm mod ion has been made. MaTHEVOJJW* 
(1928), in evamtnation of stools of ©2 individuals from twelve nH* 0 



j u v, at* ax 


15 ? 


in Armenia and Transcaucasia found B mnutum in a smglc case. Unfor- 
tunately, he gives no figure or description, merel) remarking that he found 
Balantidium i mnutum in the soft faeces of a 23-year-old peasant, but was 
unable to question him and investigate the case further 

In conclusion, then, it may be stated that careful comparison of So laud inn's 
figure and description of Balantidium mnutum with Balanttophorus mmitus 
shows that m all essential features the two organisms are almost identical 
Hence it may be fairly assumed that Jakoby and SchaudinVs faecal specimens 
had become contaminated after discharge from the bod) of the patient, with 
Balanhophorui tmnutm which being a coprophibc organism subsequently 
multiplied enormous!) m the faeces There are, it is true, slight difficulties 
m correlating the description of the pens to mi al apparatus in Balantidium 
mnutum with this feature in Balanitophorus nunutus, which are possibly due 
to the inaccurate results sometimes obtained by the older techniques In an) 
case, as Schaudinn made some remarkable statements — which have since been 
disproved — about the coprozoic and intestinal amoebae of man it is per- 
missible to suppose that he maj also have been mistaken in this case Grumpy 
( 1922) and Wenyon (1929) have both suggested that Schaudinn s species was 
a coproaoic form. The most striking confirmation of this suggestion has come 
from Wight (1926) who recorded that a abate identified as Balanhophorus 
mututus occurred from time to time in the water aupply of the San Francisco 
district of California, and becoming a contaminant m faecal specimens and 
cultures had been reported on a number of occasions as Balantidium mnutum 
Thomson and Thomson (1916) recorded the finding of a "species of Balan- 
tidium or Nyctotkerus m human faeces which they were also able to cultivate 
from the dry sand of Egypt their figure more closelv resembles Balanttophanis 
mmitus than any known species of Balantidium or Nyctothrrus Sanoioroi 
(1918) describes the culture of Balantidium mvwtum and several other species, 
now believed to be coprozoic protozoa, in vitro at laboratory temperature. 
Examination of the other reports of occurrence of Balantidium mnutum does 
not reveal a single instance in which the evidence is inconsistent with the 
organism m question being a coprozoic specie* and most probably Balantio- 
photos nunutus 

Summary 

A careful comparison is made between the characteristics and structure 
of Balantidium nunntum Schaudmn and the free- living coprozoic abate, Balan- 
tiophorus mmitus Schew os a result of which it ts concluded that these two 
forma are identical and that Schaudinn was actually dealing with faecal samples 
contaminated by free-living coprophibc protozoa All subsequent cases m 
which BaUntidam mnutum is alleged to have occurred are discussed and it ts 
shown that m no one of them is the evidence inconsistent with the organism 
in question having actually been BaJaniiophorus nunutus 
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OBSERVATIONS ON THE COPROPHILIC HABITS OF * CILIATE 
BALANTIOPHORUS MINbTUS SCHEWIAKOFF 

BY 

J M WATSON ajlc J, * 

Lecturer tn Zoology Xertker * r Polytechnic 
(From the T VeUeome Laborutona of Tropual AJ ethane London ) 


i* well known there is a well-defined ecological group of protozoan 
organisms which are capable of living and multiplying within discharged 
faeces — the so-called coprozoic protozoa. Some years ago (1934) a sample 
of human stool was sent to these Laboratories for the identification of certain 
protozoa which were present in it. These proved to be a flagellate (Both) 
and a abate ( Balanttophorus nanutui) both obviously coprozoic organisms. 
A speamen of the stool was cultivated on agar and after some time the flagellates 
disappeared, leaving the cihate in pure culture in which it has been maintained 
ever since This seemed to me a suitable opportunity to investigate the 
behaviour of a coprozoic organism in relation to environmental factors and 
tapccially with regard to ita coprophdic habits. Investigations along these 
lines with special reference to the medical aspect are, a* far as I have been 
able to discover confined to Hoards paper on species of Lewdtus Cycltdium 
and Urotwna (Ho are, 1927) Other work on the coprozoic protozoa is very 
limited and mainly academic in outlook. 

*1 «m deeply indebted to the authontie* of the Wellcome Foundation, to the 
Director in -Chief of the Wellcome Research Institution and to the Director of the Well 
coroe Laboratories of Tropical Medicine for extending to rot the uw of tbeir admirable 
fscihtja m the execution of tha work. I am alao profound!} grateful to Dr C. A Hoare 
for hi* unfading help and encouragement 
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One question of medical interest which it was desired to solve w** 6c 
ability of the cihste to live and multiply in undiluted faeces, especially m 6e 
abnormal oc liquid stool* characteristic of various pathological corufioau, 
such as diarrhoea and dysentery Accordingly arrangements were made t* 
obtain samples of human faecea, from both healthv and diseased sobjecO, 
which were then inoculated with the abate.* 

The*e faecal samples represented a wide variety of copnc coodmcw, 
there being available m all twenty nine specimen* from health) mdlndwb 
and from cases of seven different types ot disease (imoebic dysen tery grenfrau, 
Flamer's dysentery Sonne dysentery ulcerative colitis, pellagra and nutriwed 
diarrhoea). 

These stools were classed according to their consistency and tppe aiaa cr 
a* normal (brown and formed), loose (brown and semi -solid) diirrhoeic (*ft 
to liquid and brown yellowish or gr e e n ish in colour), dysenteric (loose •* 
liquid and containing blood sod mucus) snd soapy (soft and of a mustard hit 
consistency containing no definite parti cks) Each specimen was dhruW 
into two portion*, one of which was inoculated with the active abate wh3* 
toll in its original condition, the other waa dilated with ten tune* its rohu* 
of water and the suspension so obtained was inoculated with the abate. 

It was found that B*Untt*f*onu wanutus grew weD in normal faeces both 
before and after dilution, achieving indeed, auch • fantastic abundance * 
some cases as to indicate that it « exceptionally well adapted to this labrtst- 
A term was eventually put to its growth by the gradual drying up of the itwi 
Since stools from cases of intestinal disorder arc generally more fhnd this 
normal stools, and arnce artificial dilution of the faeces is favourable to tbe 
growth of the all ate*, it might have been expected that even better grtrrti 
would have been obtained m pathological atool samples Such, however vti 
not the case Not merely did B mUntus fail to grow In any undiluted abnoc*^ 
atool whether loose ffiarrhoeic or dysenteric, but, with one exception, * 
proved to be impossible to recover it from such faeces by inoculating port** 1 
of them into so Favourable a medium as dilute Lemco broth. This remarkahh 
fact, which was also noted by Haul (1927), now mated investigation. 

The factor* inhibiting growth of B suntu in abnormal faeces ptm^ 
to be numerous and it is by no mean* certain that those which I was abfc t* 
determine as affecting the issue formed a complete list. One of the n»d 
obvious inhibiting factors was the presence of unne, indicated by the prtseec* 
of crystal* of ammonium magnesium phosphate in the faeces. Tests sho*^ 
that unne was highly toxic to the abate, since as little as 2 per cent si** 
added to the culture medium, or when mixed with faeces winch were tub* 
qttently inoculated with the abate, proved fatal When a drop of untie * 

* I «m Indebted to Dr W Baouawro* Airocx, Pathologist of th* Wa t 
Hospital, to Dr Aamua Davos, P*tboJagi« of the Seamen » Hospital, Or*tn*ra> ^ 
to Major T CaAWroan, of th* Military Hoap it*] at SbroJay for ihair court**? «» 
operation tn providing ma attfa nuUenaL 
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added to a drop of culture medium containing the acme organisms under 
the microscope, they are almost instantaneously killed, the dead bod) assuming 
a characteristic distorted, shrunken and wrinkled appearance. That unne 
should hare so pronounced and startling an effect was surprising since it has 
been reported (Mauwa and HaUS 1920) that Balantidium coh occasionally 
occurs abundantly in the unnan tract, and since also Tuvnicliff (1929) used 
the abate Paramecium for studying toxins from the unne 6f scarlet fc\er, 
measles and diphtheria patients. More detailed investigation showed that 
the lethal influence of unne upon Balanttophorus tmnutus was pn manly due 
to its high osmotic pressure and to a lesser degree, to the tone effect of 
ammonia present in the unne It was also found that urea has a depressing 
effect on the reproduction rate of the abate. 

Another inhibiting factor was found to be the presence of traces of drugs 
in the faeces'* 1 per cent, solutions of emetine h)droch!onde, stovarsol, 
quinoxyl and yatren produced death with greater or less rapidit) and 0 1 
per cent, solutions of these drugs were sufficient to inhibit g rowt h. 

Still another inhibiting factor was found to be an unusuall) high osmotic 
pressure According to Cammidce (1914) diarrhoeic and dysenteric stools 
frequently have an osmotic pressure higher than normal. Experiments with 
Beckmann s apparatus for determining the depression of the freenng point 
soon showed that this was indeed the case, and further teats conclusively 
demonstrated that B mxnutus is not able to withstand solutions of equivalent 
osmotic pressure but rapidly succumbs to pLasmolysis. 

A fourth inhibiting factor of considerable potency was found to be the 
presence of unaltered bile salts in diarrhoeic and dysenteric stools. As is well 
known in normal stbola cholate of soda is the onl) representative of the bile 
salta, from which it is formed during the passage of the intestinal contents 
through the bowel In cases of dysentery and diarrhoea however the abnorm 
ally fluid stools are often due to the too rapid transit of the intestinal contents 
through the gut, so that unaltered bile salts may occur in the faeces. That the 
least trace of bile causes B mxnutus to disintegrate and die is a point which 
has already been made by Wight (1926) This I was able reach 1) to confirm, 
by demonstrating that less than 1 per cent of bile was necessary to cause more 
or less instant death and as low a concentration of bile salts as 0*09 per cent. 
(A « 0-0045 C) was suffiaent completely to inhibit growth Application of 
Pettenkofer s test to the stools in question showed that a considerable amount 
of unaltered bile salt was present in these faeces, this alone being amply suffiaent 
to account for the failure of the ciliate to dew lop in them. 

Another point of interest m connection with any coproioic form is the 
question of its ability to pass through the alimentary canal in the encysted 
condition and subsequently to excyst m the faeces after they have been voided. 
That some coproioic protozoa (the so-called Darmpaxxanten or gut passer* ) 
*re able to do this is well known and this faculty has occasionally led to a 
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diagnosis of coproimc formi u mteatmal parasite* on the ground* thit the cod 
Mmple nu taken with *J1 due precaution* as to sterility It wis therefore 
considered idntible to investigate this point in the case of B wu n u t t s Cyia 
of tht* ci lute were fed experrroen tally to mice the fiece* of which were tnbae 
quently collected and macerated with tap water However no abates were 
found to develop in the faecal tut pension although cyst* from the tame tjmpfc 
gate me to a flourishing culture m a control tut perm on of fleets from tfct 
tame mice. It teem*, therefore that B wwntus it incapable of pattmg thfwjt 
the intei tine in the enertted condition but mu*t always contaminate the fires 
outside the bodv In thi* respect it* behaviour t* timibr to that of mother 
copnaoic exhale, Lembus puoBus (cf Haute, 1927) B mntu mutt thaefert 
hare reached the original *tool which vnu the source of the culture turd a 
thu work either (I) bv the use of a bedpan in which the atool was coOectd 
which had not been atenkred but merely rimed out with ordinary tip water 
or (2) bv dilution of the faeces lfter passage with non-*terile tap water w 
saline or (3) b\ contamination of the *too! sample with air borne cyst* dunrj 
a period of exposure. 

In two other paper* (\\ at»°\ 1940 and in the press) I .have di termed ■ 
some detail the morphology and bionomics of this interesting organism. Item 
not be out of place in thu connection to refer briefly to tome of the wed 
described in these two papers. B mvortia which is normally a soil ha®- 
ts peculiar among ciTutea id possessing the ability to exist in water « 
shallow that swimming t* impossible, the httle creature creeping about sal 
burrowing through the bacterial masse* which occur in its normal cnvironn** 1 
hie a tiny amoeba. It is this power of amoeboid movement which end'd 
it to exist in the viscous substance of a stool, where any ordinary abate wc*^ 
be munobihred and would tpeediiy succumb B mwutms indeed, is capdk 
of shrivelling up into an anabiotic resting condition without encyst***® 
(W ATSoX 1943), and will immediately resume its activities as soon ** d* 
medium is moistened. Thus, when the infected stool eventually dries op 
cilute passes into a state of suspended imnution and resumes its acout** 
a* soon a* the stool becomes scattered over the soil or mingled with trrx *\ 
The trulv coproxoic forms arc therefore necessarily closely related to 
protozoa on the one hand and sewage protozoa on the other but retain tkc* 
own individual ecological grouping bv reason of thar ability to Eve n * 
environment heavily contaminated with organic matter coupled with tbesh^ 
to move freeh through a semi -so lid medium. 

Another point of importance in connection with a cop rare* c prott® 3 ^ 
is the possibility of mistaking it for a genuine parasitic form. There 
number of cases on record when coproroic a hates have been described ** 
Intestinal parasite* While the true nature of some of these ptetidoya 1 **^ 
has already been established (cf HavM, 1927) there remain * few 
form* which are stiU regarded as human parasites. Among these 
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mnruium Schaudmn, 1699, i* of special interest. Ahead) W 1CHT (1926) noted 
that Bahntwphonu tmnutus which occasional!) occur* m Californian water 
supplies, has sometrmes been recorded as Balantidium mnututn Having made 
a very careful comparison of the structure of Ralaniiophorus tiunutus with. 
Schaudinvs ongmal description of his species, I am very stronglv of the 
opinion that he was actuall) dealing with a stool h cavil) contaminated with 
BaLantiopJioms tmnutus This question is discussed more fullv m another 
publication (Wat?on 1945) 

In conclusion it may not be out of place to make *ome comment on the 
possible evolutionary significance of the coprozoic protozoa. It is generally 
accepted that the protozoal inhabitants of the human intestine have evolved 
from free- living ancestor*. Some observers have even gone so far as to suggest 
that fresh water forms could develop in the human gut if given an opportunity 
to do so (Schulz, 1S99 \akzm 0 FF 1922) I have been able to show that as 
far as Balantiophorus nunutus it concerned this organism is unable to survive 
for more than a few hours at 37° C and that cysts which hare been exposed 
to this temperature for a few day* are no longer viable It is therefore dear 
that if a coprozoic organism is later to take the further evolutionary step of 
becoming adapted to lire m the alimentary canal it must be capable of passing 
through the gut m the encysted condition of hatching out before reaching 
the anus and of living and multiplying at the temperature of the bod> Although 
this sequence of events has been observed in certain flagellate* {Copsorntmas 
sub tilu) in connection with cold blooded animals, it has never been observed 
for abates and never for any type of protoroon in connection with warm- 
blooded hosts. 
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medial officer! of the Government Laboratories and Hoapitab Dr K- S. 
Khxkohian Jerusalem, Dr A. Maloii Bod Braq and Dr R. Rrm-n, Hrh. 


Source or the Bactbuopilaoes 

Thirteen ipecjflc bacteriophage* were kindly provided by CoL J S. £- 
Bovd Two local bacteriophage* were belated, one from the ceupit of tie 
Hadassah Municipal IIo*pital m Telam and the other from the Govcnnaot 
Hojpital in Bnei Braq by the kind help of Dr Gai^aucA (Tebnv) and Dr. 
Mxjtsiai (Bnei Braq) 


BIOCHEMICAL TEJTl 

The fermentation of xylo*e and arabinoae wa* tested on aeml aalrd 
confuting of nutnent agar diluted I 8, 0 5 per cent, of the carbohydn® 
to be tested and 1 per cent of Andrade indicator Tbe result* were read *fw 
3 or 4 da v* at 37* C The utilization of d tartrate end citrate wn tested * 
peptone media prepared according to Kalttma.'c. (1941) In order to oi«* 
clear-cut reaulta the incubation period waa extended to 14 day* and only tit* 
wa* the lead acetate precipitation teat performed The utilization of tmraca** 
aj a source of nitrogen waa tea fed with and without the presence of A 
according to the method of Braits and Silbumtejn (1943) The a olutw* 
u»ed were (expressed in per cent.) toL I I\aCI 0 5 (NIIJ^SOj 0 5 KH|P0i 
0-05 KJIPOj 0 15 MgClj 0-01 aod Uctatc 0 5 aol II 10 cc. of a 5 1* 
cent aolubon of NajbjO, were added to I litre of aol I Five aubcufron* 
were made in order to eatabltah the ability of a atrain to utilize amrootfu* 
u a aource of nitrogen The result* of the biochemical examination are fXf 
tented in the following tabic. 


Tabu I 

•rocrooncAi. ma or en**m 


Fnmcntttco of 


The table abowi that the Palestine *tram* fall into two mam 
type* in addition, five atraml fell into three variants. Mott of the 
did not utilize ammonium and of those that did only a few grew in the 
without NatSjO r In Group 1 *evtn attain* utilized (NH^SOf mt ^ t0at 
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ten only with Na 4 S l O J and in Group 2 the number* were five and eighteen 
respectively 

The fermentation of the pentose* and utilization of the organic acids 
were constant properties and the results could be reproduced by repeated 
examinations of the tame strain On the contrary the utilization of ammonium 
wit not reproducible with the tame strains and hence u of no value for purpose* 
of classification. 

All strains with one exception utilized citrate if the incubation was 
extended to 14 days and omly three strains did not utilize d tartrate It i* 
interesting that although four different sources of carbon were tested and 
therefore sixteen different combinations of reactions were possible only five 
were obtained 


SEROLOGICAL EXAMINATIONS 

The serological tests were performed with a pure O serum produced by 
immunizing rabbits with bactcna heated 150 minutes at 100 C and a pure 
Vi serum produced by absorption of a \i + H + 0 serum with the classical 
strain H901 The results were similar to those obtained by Felix Kjsukorian 
and Reitleb (1935) Using the tcrminologv of Kauffmans (1941) the tvpe# 
were as follows \i -f 4-9 Vt -4* 14S Vi (±) 35 Vi O 3 However these 
results obtained with 24 hour cultures did not show the real \ i potential! 
ties of the strains. \\c tried to demonstrate the \ i potentialities by two 
different methods First by the method of Craioie and Brandon (1936) 
with 4 hour broth cultures no marked differences betu een the O agglutm 
ability of 4- and 24-hour cultures were observed. Second by enhancing the 
virulence by mice passages 0 05 c c of broth culture* were injected mtra 
pentoneally and on the next day heart blood was cultured on the surface of 
an agsr slam and the 24-hour growth used for agglutination The results with 
47 strains were as follows 
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If broth culture* were nude from the heart blood culture* and rannnd 
after 4 hour* incubation then the phenomenon of Crajoie and B*AxiXtt (1935) 
was observed twelve out of twenty Vi + culture* had !o*t their aggiutza- 
abihty m the anthO serum and the total of VI + + attain* rose to lhntj4ht 
out of forty seven The *amc culture* examined after 24 hour* in robot** 
had regained their sgglutmability in the anti-O aerura, and tbe next subenkarw 
vrcrc agglimnabJc after 4 u well a* after 24 hour# incubation. The rmJa 
show that b) a tingle motitc passage a transitory change from Vi -f to \1 J - x 
may be brought about. 


TjrE BACTDUOP1UCT TUT 

The bacteriophage test was earned out according to Craig IE and In 
(1938). Most of the strains were sensitive to bacteriophage C One of the 
phage* isolated in Palestine the BB-phagc (Bnei Brsq) acted on the «* 
•tram* as the C phage while the TA (Tdanv)-ph*ge * bowed a much miff 
field of action and influenced strains not stacked by C and BB-phages, » 
well as those attacked by other specific phages. The BB-pbage is, therrhft 
presumably identical with the C phage, whDe the TA phage is non ipeofc- 
4\e could divide all strains into three group* thoae sensitive to phage C (»! 
BB) those sensitive only to tbe non specific phage TA (imperfect 47 form*) 
and O forms not affected by any phage. 

The relation of tbe biochemical serological and phage type* ia shore a 
the following able. 
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The question arises whether a given biochemical aerologies! and 
type of the infecting strain rs constant or variable. Repealed ecnm®^ 
were earned out with strains from a group of typhoid patients and 
Tbe result* were as foil on* — 
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Case 1 — D S from Moledeth Urinary aimer Urme culture* on 18 II 43 20 11 43 
*od 23 12.43 tad culture from a urmsrv cslcuhu of 23 12.43 RatuSt «H rtntn* belonged 

to group 1 phage type C The reroiogrcai character were different 18 1 1 43 \ t -f + 

20 11 43 \t{±) 23 12.43 V, ++ 2S12 43 M + 

Case 2. — R. K. from Muhmar Haemek. Typhoid fever Blood culture* on 17 10 43 
2.12.43 »nd 20 12.43 All strains group 2, phage type C and Vi + 

Case 3 — T from Kinath Harmru Faecal earner Culture* on 20 10 43 12.12.43 

30 42.43 5 3 44 Jt«ulr *13 ttnunt belonged to group 1 phage type C The culture 

on 28 12.43 wm* Vi < ±) *U the others \ i + + 

Case 4 — J J from Haifa. Trphoid fever Stool culture* on 20 12.43 and 2S. 12.43 
and 10 1 44 All * trains belonged to group 1 phage type C % » +■ 

Cate 5 — 43 \\ from ZUchron Jakob Typhoid fever Stool culture* on 29 11 43 
and S 12.43 Result group 2 phage type C \ t ( ±) M W., mother of B \\ tvphoid 

fever blood culture on 2.1 44 Result group 2. phage type C Vi + 

Cate 6 - — S K_ from Mao* Typhoid fe\ er Blood cultures on 8 1 2.43 1 1 12.43 
artd 18 12.43 itool culture on 8 12.43 Alt cultures belonged to group 5 phage type C 
V? +• 

Case 7 — M K-, from Haifa. Faecal earner Culture* on 31 10 43 7 11 43 and 
28 H 43 All culture* belonged to group 1 phage type C, Vi + 

Case 8 — A. B, from Kinath Ha vim. Typhoid fever Stool culture* on 2S 12.43 
and 9 1 44 Group 1 phage type C Vi + + 

These result* show that there are differences in the degree of development 
•of Vi antigen in the strains isolated from the same patient* while the phage 
type and the biochemical properties (behaviour on rvlotc, arabwosc citrate 
and d tartrate) were unchanged. 


The Local Distribution of the Biochemical Tms 
The following table show* the distribution of the different biochemical 
types m the main a tic* md their surrounding* 
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The table shows that the mam t\pes show the same distribution in the 
whole country while the rare types 3 4 and 5 were found almost only in Haifa. 
Furthermore, there is a high percentage of xylose negative strains Jerusalem 
36 5 Telsvn Jaffa, 43 2 and Haifa, 42 1 per cent Average 41 per cent 







cannasLut -nraos.4 


Another question it the appearance of the different types m local out- 
break* of typhoid fever During 1943 there occurred outbreak* of typhsd 
fever In several *gn cultural settlement*. The *ettlcn Eved in individual bow 
but ate in » common dming room. In Rcnum, near Rbhon le Zwn, tbm 
were nineteen cna imang sixty five people. Four strain* wctc exammed «d 
*11 belonged to group 1 phage type C Vi -f In Noar Agudathi there were fore 
case* among sixty men. Three strains were examined two belonged to groej 2 
and one to group 1 In Mao* there w** an outbreak of thirty-one ca*e* *mcej 
235 person*. The first case S. K. (N o. 6 above), wu examined repeatedly tboraj 
December 1943 and found to belong to group 5 He arrived ill from Tnrlsy 
During January 1944 the outbreak of thirty case* occurred. (Infoeraat** 
from Professor W STJUCts Hygiene Service, Hadaxsah Medical Orgxmxitwtt) 
The twenty two culture* isolated from twenty cases belonged to group 2, pbap 
type C The culture* from twenty case* gave typical growth of dwarf fernfl. 
while those from S k gave normal eo lames on agsr It should be reconW 
that the original dwarf forma belonged cither to the Vi (±) or O type oi 
were lysed only b> the non apecific TA phage but after a i ingle pimp 
through plain broth the strain* were sensitive to the specific C- phage nJ 
became Vi -*> Similar dwarf form* were isolated b) Hiaacn (1939) dn«4 
an epidemic outbreak m a neighbouring place (Msssad) 

The result! of typing m the three outbreak! suggest that there may h 
some importance in establishing whether one or more btoebetmeal types oens 
in an epidemic At Romm all strain* belonged to group 1 and it seo* 
certain that there was a common source of infection. In Noar Agudathi 
were only four cases during a month and two different type* were tsolnri 
In Maos it could be ihenrn that the outbresk m January was caused by tit 
same strain (group 2) and that it differed from that in the suspected pras^J 
case (S k.) which appeared in December 


Dot ninth on of tkr T\pet » n the I mens Sett on of the Population 
Of fifty two strain* isolated in Haifa, thirty four cuhurea came from Jf** 
and eighteen from Arabs. The xylose negative strains were thirteen Je*^ 
(33 2 per cent.) and seven Arab (38*9 per cent) It seems, therefore, tW 
the distribution of typhoid strains m Haifa and tu surroundings u the *ff* 
in both communities. 


DocxaaioN 

The results reported above show that by combinauon of biochemical 
phage tests it » possible to obtain a differentiation of the typhoid strain*, **** 
may bare epidemiological value. The advantage of such a combined evanm*^ 
i* particularly obnou* where as in the strains studied, only one pbayejT 
is prevalent (183 out of 195 esses). This combination is particularly nnjwr a ' 
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because the phage type is independent of the biochemical behaviour of the 
strain and consequently it is possible to split up the same phage tyyie into 
biochemical subgroup* The few example* given show that these properties 
are constant a fact which was observed by Kristensen (1938) This constancy 
enables us to recognize the same causa ttve agent in the course of an epidemic 
outbreak. 

The typing of Ebnthella typhosa by the combined methods maj sene 
to clear up some points of the epidemiological question in the country In a 
country limited in its area such as Palestine, where typhoid fever is endemic, 
it would be expected that only few type* of E typhosa would exist and that 
these would be distributed in a more or less equal proportion in different parts 
of the country and among the different sectors of the population The results 
of the examinations are in accord with this expectation. 

Comparing the results with those reported from other countries we find 
that the distribution of types in Palestine is different It is therefore hard 
to believe that typhoid fever is not endemic here, but is imported from other 
countries The reports from the European Continent are not available, but in 
England Felix (1943) found at least thirteen phage type* with only forty -four 
out of 440 belonging to type C Bovd (1943), m his work on Axis prisoners 
from the Western Desert, found type C together with four other type*, and 
sixty five out of 256 strains belonged to the C type. Lazarus in the United 
States (1941) found the C type m forty cases out of 377 together with eleven 
other types In Paping, k EN (1939) did not find any type C strains, but five 
other types were present 

The high percentage of xylose negative strains (41 per cent) it an unex- 
pected result and does not agree with the finding* m other countries Thus 
Hartoch, Scrloksbouger and Joff* (1926) examined seventy seven strains 
from Leningrad and found only twenty two xylose negative, i e 2b per cent 
Hkszfeld Amxcl and Rosenberg (1933) m Poland examined 569 strains 
*nd found seventy-one negative it 12 5 per cent Son iff (1929) found in 
Prussia 8 I per cent and m the southern districts of Germany 37 per cent 
Silbesctein found m Berlin 13 per cent, Vateb in southern Germany 21 per 
cent It seems, therefore, that from no country has so high a percentage of 
xylose-negative strains been reported as in Palestine. 

There is a further question which seems to deserve attention. During 
the last 2 yean them was a marked increase in the seventy of typhoid case* in 
Palestine, and it was not clear whether this was due to a change of the virulence 
of the infecting strains or to an increased susceptibility of the infected individual 
Our result* show dearly that since 1934 the year of the examination by Felix, 
Lrikorian and Reitlek, there were no change* m the Vi type of the infecting 
strains. As in 1934 moat of the strains isolated 1940 to 1942 and 1943 
belonged to the intermediate WV type. It seems, therefore, that the increased 
seventy is probably not due to the strain but to the diminished host r distance. 
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SUMMAKT 

1 One hundred and ninety five strains of EbertktHa typhus*, isolated 
from different source* and vinous places m Pileatlnc were examined by bw- 
chemical and aerologies! methods and by phage typin g 

Moat of the atrafna belonged to the WV type. With few exceptions iH 
itram* belonged to phage type C. 

2. Two local phages were Isolated one of them (DB) showed the same 
behaviour a* a C- phage the other (TA) was a non specific bactenopbsje. 

3 By fermentation of anbinoae and xjlose and the utilization of dtntt 
and d tartrate two mayor and three rare subgroups were differentiated. 

4 By repeated examinations of patients and amen it could be drrncr- 
•tnted that the behaviour of the » trains towards the pentoses and organic 
acidi docs not undergo any change. 

5 The distribution of the different types of Ebert hr I la typhosa in Palestine 
is near!) the same in all placet and communities of the country Marini 
seasonal differences were not observed. 


The suthors gratefully acknowledge the help and co-operation of aS 
those who provided the cultures and bacteriophages and pare the necctixrj 
information. 


REFERENCES 

Boro JSK. (1943) Brit. J., 1 719 

Braun H. 8c 8iL*wsmw W (1943). SchreriM Z PalX. 4 222. 

Bxntmo 1 M. 4 Ctmvtorr R- (1929) 7 Hyt Cwmh. K 139 
Craiqiz, J 4 Brandon K. F (183*5) j Pmih. Boct ^ 41 249 

& Yin C. H (1938) CWW. pUJ I!M J It 44* od 484 

Fuji. A. (1924) J /•««/, 8 1 19 
(1943) Bnt fed T t 435 

Kjukouan K. 3 4 Rxtttsr, R. (1935) J Hyt C*wd>., II 421 

Hartoch, O h ScatunsonciR, II 4 Jam, W (1926) Z Hyt IwftkiKr., 104 564. 
Hirsch. \V (1939). IltrrfeoM 17 129 

HlrsZtxld, L. AuirL, R & Rosonna, J (1933) C R. See Btol-, 111 1454 
Kaottmann F (1941) Du BmkttnobgU der SalmoHeUM Gnrpp< Kopenhtgen Q* - 
Muniajasrd. 

Krotoww M. (1938) J Hyt C**d> ». 653. 

Laxak*, A. 8 (1941V Amtr J yM Hliic, 31 00 

Ou nu , L» (1928) Z ImwmxFertck. M 445 
BcmrT F (1929). ZU. BeJu I Abu On* BtAf 110 90 
SrutWTTOt, W (1931). Cited by Niuttld F (1931) Ibid- BtAf 1*1, 104 
Vattr, A. (1934) Umtrmchj^xm inter (Be Typem£fftrtnx*ervnt «w Typtaai**® 0 
(w m w W Oawrtslacw. HddetberH : Emtt Burkhardt 
Yen OH. (18 


(1939). /Vac. Sec. txp B*L, 41 105. 



TsANSACTtONS Of Tttt ROYAL SoaETY OF 

"Trowcai. Medicine and Htoiene. 
\olXXMV No 2- October 1945 


175 


CORRESPONDENCE 


AMOEBIASIS 

To the Editor Trans actions of the Royal Soaet\ of Tropical Medicine and 
Hygiene 
Srs 

The admirable paper by Dr Adams* m these Transaction's has just 
reached me Between June and October 1944 one examined a number of 
officers before their return to duty after sick leave m Kashmir 

The most striking impression received was the sharp contrast between 
sick and wounded- To sav the wounded were exalted the sick depressed, 
would scarce!) exaggerate the sharpness of this distinction The wounded 
appeared physically brisk, mentally alert The sick appeared physically slack, 
mentally dull 

Except for some m this subgroup whose mind s eye was obviously fixed 
on colon and stools, about which tbev were voluble mental inertia was perhaps 
most sinking in the subgroup of sick who had been treated for amoebic dysentery 

Were these men sick because of their physical and mental depression or 
was their physical *nd mental depression the result of amoebiasi* or its treat- 
ment ? In considering this question the statement of Clark! that the effective 
therapeutic dose approaches the toxic dose is suggestive, particularly where 
he quotes Dobell and Bishops finding in 1929 that in monkeys the curative 
dose of emetine produced toxic symptoms m 80 per cent of cases 

What are the factor* on which depend the grading of a population into 
those who are negative to examination those (about 8 to 10 per cent ) who 
Without symptoms are reported to pass E H evsts those with signs and 
symptoms of dysentery hepatitis or hver abscess ? 

If as Dr Ho are *aid Walker established m 1913 that the pathogenicity 
of E histolytica depends rather on human susceptibility than on difference 
m the virulence of the parasite strain in whst does human susceptibility consist ? 

* A HAMS A- R. D (4945) Amocbuua with »pea*I reference to treatment. Tram 
ft- Sac trap Hyg SS (4) 237 

t Cluuc, A- ] (1937) Applied Pharmacology f>th Ed London Churchill 

pp 660-662 
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I* there an objective quantitative measure of human susccptibiEty by 
which a population could be clim tied u ibove independently of the retain 
of clinical or microscopical examination ? 

And if a* Dr Local* taid, Halawaxi showed in 1930 that acquirement 
erf emetine rtsiitance b\ E fast ot\ tic* u no myth why n our treatment <3 
timed not once but repeatedly rather agamat the pa mite than it maai 
susceptibility or more recently agarnat the paruite and for hia colon, ntbc 
than it hu susceptibility f 

Clajuc again at ate* treatment by full comae of hypodermic inject 
cure* ibout 30 per cent of chronic cue*." U emetine retbtance the can* 
of the future to be expected in 70 per cent, of cases treated ? 

\nyone who compare* the record* of the health of the Army in I rib 
for the two period*, roughly 1922 to 1927 and 1928 to 1933 would find a rob 
face m the proportion within the dysentery diarrhoea, cnhtrt group record^ 
»i amoebic. Preponderance of amoebic in the first of bacillary type in tk 
aecond period ta unlikely to be a c o rrect estimate If bacillary were in E*t 
preponderant in both penodt man) suffering from bacillary would hare beta 
treated for amoetxc dysentery m the first. la the preponderant diagnosa a 
each period due to consensus of opinion amongst independent observer* or t» 
ex catkeJr* *ugge*tion ? 

Ia the proportion of amoebic to baottary dytenterv exaggerated in tf** 
war a* it waa shown to be m aereral theatre* to the la*t ? 

When one consider* these question* one find* oneself almost a* ignore* 
in 1945 as one was when one began to use emetine hydrochloride in 191" 7 
when hope* were high. 

Dr \d\MS a frank paper and the discottion upon it suggest that I ** 
not alone at least in my dissatisfaction with the gap* in our knowledge, nA 
the results of our treatment But dissatisfaction is not enough urdes* it bearo® 
sufficiently active to press home on those who can organize it, the urgent 
for the studt of amoebiasu by groups of first ciaa* bacteriologists, biochem** 
cbmoans pharmacologist*, protoaoologisu and statistician*. 71>e to*** 
these are got together the sooner they aet to work, the better for the 
number of unfortunate men and women who, during the coming year*. 
need treatment for their chronic physical and mental disability One cans* 
end better than by quoting the words of Duos* therefore there mint b* 
other factor* than amoeba *nd emetine to con infer 
I am, et<^, 

] B de W Moloxt 

u -coi., m s. (irtU 

Edinburgh. 

♦ Dtxox W E. (IMS) Uamsf of Pharmacology 6\h Ed. Loodoo Artf^ 
p 290 
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PHESmENTLAX ADDRESS 


TROPICAL MEDICINE IN WAR AND PEACE 

by 

C. ML WENT ON 


It occurred to me w trying to think of a suitable subject for my Presidential 
Address, that it might be appropriate, now that the war is over to renew same 
of the more important advance* which have been made m tropical medicine 
during it* pro g r ew 

The need for maintaining the health of the large number* of men that 
it wu neceiiary to send to tropical and tub- tropical countries was a great 
stimulus to reaearch into the possibilities of improvement in the prevention 
and treatment of those diseases which are particularly prevalent m these areas. 
A great deal haa been done under the genera! heading of hygiene and sanitation, 
which includes feeding clothing and housing and one is sometimes Jed to 
wonder if the low incidence of certain food and water-borne diseases maj not 
be due to these measures rather than to some of the protective inoculations to 
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whtch the troop* had to be lubjected, I think it cart safely be rated that t>oa 
before have troop* been called upon to campaign m tropical land* in jrmi 
comfort, or perhaps I ahould *ay m leu ducomfort, than in tin* w*r 

Tropical Medicixe tx ntE Last War, 

Many of ut here have bid the erpenence of two wan, and *ome of as, a 
doubt, of other war* a* well. I imedm the 1914-1918 war tnd asw lomohc* 
of medical progreu dunng it* 4 or 5 year*, and in thinking of the subject • 
which 1 have chosen to addreaa you I wa* led to wonder what cratttnuhr 
advance* in tropical medicine had been nude during that period. 

Many of these, it appear* to me were more of a negative than of i pnera 
nature Thu*, it waa finally realized that quinine vm not »uch a good dm 
a* we had iuppo*ed it to be. Even in raanmil daily do*e* it faded to prn£ 
attacks of malaria in a large proportion of tho*e taking it, though it u toy bdd 
that under prophylactic quinine theae attack* were fewer and generally H 
mere than they othennae would hare been. When qumine vraa grra a 
larger dove* for treatment of mala rial attack* there n no doubt that the tie 
was controlled and pamue* bam* bed from the blood. Unfortunately rtiipe 
were very common and the interesting observation wa* made that a*a 
diagnosed aa malignant tertian malana and treated u *uch, frequently bi 
relapse* of benign tertian malana. So striking waa tht* that the wgjaoca 
wa* made on more than one occasion that Ptasmodum falapcrvm and P ntw 
were merely different pha*e» of one *peoe*. Tho*e who nude thu tapjeca* 
failed to realize that originally both infection* had been preterit, though co' r 
one had been detected because of the tendency of the nuhgnant tertian 
to keep in abeyance that of berugn tertian malaria. Quinine had cured & 
one infection but not the other which anerted itself later on. 

In the case of the dy*cntenes which were such » *enou* came of *ui®r* 
there gradually came about a realization that emetine, to which we had 
our faith, too often faded in the chronic amoebic infection*. To overcome dr* 
difficulty tmetine brnnuth iodide wa* introduced. Given by the towth * 
appeared to bring about a greater percentage of permanent cure* than 
method* of emetine adnunutrauon. A* regard* bacillary dysentery no 
improvement in treatment occurred though thi* was badly needed- Ev« r» 
dysentery aerum, held in high esteem by *ome pbysiaan*, reaOr * pp e * rt ^* f 
have little if any influence on the dtieave 

Perhapa 1 might mention here the confusion which existed in the 
day* of the last war between amoebic and bacillary dysentery a otwtfu*#* 
resulted tn a diagnow* of amoebic dysentery bong made in neatly tH 
dysentery contracted in Galhpoh, in Egypt and elsewhere. It gradually 
to be rtiitzed that the bulk of the case* were bacillary in nature 
t tmall percentage under 10 per cent, were of amoebic ernpa. Tha cod 9 ** 
led to a wholesale and unncceaaary admmutr*t*oa of emetine 
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While on the subject of amoebic infections I am reminded that it wa s 
during the last war that it was first discovered how widespread amoebic infec- 
tion was amongst apparently healthy individuals So extensive was it amongst 
the troops that any idea that may at first have been held of attempting to 
identify every earner and nddtng him of his infection by injections of emetine 
— then supposed to be the infallible remedv — had to be abandoned. As only a 
relatively small percentage of those harbouring the dysentery amoeba developed 
ictual dysentery the policy was adopted of dealing only with those showing 
clinical signs of their infection. In connection with the study of amoebic 
infections a great deal of information was acquired regarding the intestinal 
protozoa of man m general 

During the last war one of the most sinking advances in tropical medicine 
was the solution of the bilharaa problem m Egypt. It was shortly before the 
war that Japanese helminthologist* had given a complete account of the life 
history of Sckistosoma japomeum In what was then a dramatic announcement 
they showed how they hid been successful in infecting anails m the laboratory 
by exposing them to the mtnadia which hatched from eggs introduced into 
water — how in due course cercanae with bifid tads emerged from the snails and 
how small laboratory animals immersed for a short time in the water containing 
the free -swimming cercanae contracted a schistosome infection Soon after 
this announcement the London School of Tropical Medicine arranged for 
Professor Leipeh, to go out East to examine these claims He visited the 
Japanese workers who showed him their experiments, which he was able to 
repeat. The war had then started and Professor Lhper realized the importance 
of schistosomiasis to our troops in Egypt. He was dispatched to Egypt by the 
War Office and there, applying the Japanese technique to both 5 haemaiohsum 
and S mansoru he and his co-workers quickly showed that the method of 
infection was identical with that of 5 japomeum and that contrary to the claims 
of the German helminthologist Looss who had studied the subject for many 
years m Egypt, snail intermediate hosts were involved in th<j life cycles and that 
infection resulted from bathing or wading in water m which cercanae emerging 
from these snails were swimming 

Another subject which received much attention m the last war was Weil s 
disease It is not strictly a tropical disease but bong a leptospirosis it is closely 
affied to several similar infections in outbreaks in the tropics Much information 
w ** accumulated amongst the troops in France It is interesting to note that 
this disease had been thoroughly studied by the Japanese before the war 

Ehinng the war active research had been earned out on typhus fever 
m several countries. The chief outcome of this was the final demonstration 
that the louse was the vector of European typhus Furthermore WCL and 
Feux first isolated Bacillus protms from the urine and blood of cases of typhus 
*nd showed that it gave a specific agglutination reaction with the eerum of 
typhus patients — a reaction which could be employed as a procedure for the 
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winch the troops had to be subjected. I think it can taftlv be stated that revc 
before hare troop* been called upon to campaign in tropical land* m jrtes 
comfort, or perhaps I should *ay m leas dneomfott, than in thrt war 

Tropical Medici vt p» riot Last Mail 

Mane of it* here have had the experience of two war* and *ome of o% in- 
doubt, of other war* a* well. I served m the 1914-1918 war and *awn»r>ftn 
of medical progress during it* 4 or 5 year* and in thinking of the lutjcd ff 
which I hare chosen to ad drew vou I wa* led to wonder what ootstodq 
advance* m tropical medicine had been made during that penod. 

Many of chew u appear* to me, were more of a negative than of a poem 
nature. Thu* tt wu fictaDr realized that qtnmne wa* not ruth a good dreg 
a* we had supposed it to be. Even in mammal daily dene* it faded to prrreC 
attack* of malaria in a Urge proportion of tho*e taking it, though it u ray b&f 
that under prophylactic qujninc these attacks were fewer and generally k* 
*evere than they otherwise would have been. When quinine wa* given * 
larger dote* for treatment of malarial attack* there >* no doubt that the fbe 
wa* controlled and paraaite* bam* bed from the blood- Unfortunately rebj*> 
were very common and the interesting observabon was made that a*> 
diagnosed a* malignant tertian matana and treated t* *uch, freqoentlr td 
relapse* of benign tertian malaria. So striking wa* tin* that the *ugj»or 
wm made on more than one occasion that Plasnodmn falapanm and P m* 
were merely different phase* of one *pee*e* Those wbo made thi* sugjtmS 
failed to realize that on finally both infection* had been present, though 
one had been detected because of the tendency of the maDgnant tertnn pzrw' 
to keep in abeyance that of benign tertian malaria. Qumine had cured* 
one infection but not the other which asserted itself later on. 

In the ea*e of the dysenteries winch were such a sennas cause of sail** 
there gradually came about a mftratvw that emetine, to which we bid p 2 *- 
our faith, too often faded in the chrome amoebic infection* To oiercnc* & 
difficulty emetine bismuth iodide wa* introduced. Given by the nuwtt c 
appeared to bring about a greater percentage of permanent cum than 
methods of emetine adtrunutrabon. A* regards bacillary dysentery tw 
improvement in treatment occurred, though thu wa* badly needed- Evea 
dyaentery serum, held in high esteem by some physician*, really appeaml 0 
Live little if any influence on the disease 

Perhaps I ought mention here the confusion which existed in dx ^ 
days of tbe last war between amoebic and bacillary dysentery a confusion 
resulted in a diagnosis of amoebic dysentery bemg made in nearly *2 CX *\ r 
dysentery contracted m Gallipot in Egypt and elsewhere. It gradually 
to be realized that the bulk of the cates wtre bacillary in nimre *** *^*2 
a small percentage, under 10 per cent- were of amoebic origin. Thu cue™** 
led to a rvhoinale and tmnecesaary adminatratioo of emetine- 
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agreed that one pill of the drug or a tenth of a gramme three times a day for 
a -week, was sufficient in near!) all cases to reduce the fever and dear the blood 
of parasite* It was recognized that m the case of P falciparum infections this 
treatment in mam cases brought about a complete cure not followed by relapse 
whereas ra the case of benign tertian malaria relapses commonly occurred 
Also as a prophylactic atebnn had been extensively used, and reports appeared 
to show that it was superior to quinine The drug was given in doses of 0 2 
or 0 3 gramme once or twice a week, or m a daily dose of 0-05 gramme In 
some case* a daily dose of 0 1 gramme had been employed. It was fairly well 
agreed that atebnn was very effective, and though it produced the yellow stain- 
ing of the akin it could be taken daily over long periods sometimes amounting 
to several year* it was stated, without any harmful effects In spite of these 
reports there was considerable hesitation a* to the advisability of accepting 
atebnn as the desired substitute for quinine. It was thought that the evidence 
that atebnn could be taken regularly over long periods without undermining 
the health through injury to the liver or other cause was inconclusive How- 
ever this may be, reliance had to be placed at first on what quinine supplies 
there were while field trials of atebnn were bang earned out m Africa In 
aome of these the drug appeared to be toxic but, on the whole reports were 
favourable, so much so that both m this country and the United States strenuous 
efforts were made by chemists to discover a method of preparing it on a Urge 
scale These were highly successful so that finally adequate supplies were 
forthcoming It was still uncertain how effective atebnn was either for treat 
roent or prophylaxis and quinine had still its advocates Matters were in this 
somewhat unsatisfactory state when Brigadier Fairley then with the Australian 
Army in the South West Pacific, realized that it waa imperative to obtain more 
precise information about the properties of atebnn and other possible malaria 
remedies. Accordingly the Experimental Malaria Centre was set up at Cairns, 
in Australia, under his direction, and there volunteers under strict control were 
infected with malaria by meins of mosquitoes imported by ur from New 
Guinea while atebnn quinine and other drugs were administered for varying 
penodi and in varying dose* before and after exposure to infection Blood 
and other examinations were regularly earned out and the presence or absence 
of infection was often determined by the injection of 250 c.c. or more of blood 
into frt*h volunteers Frequently groups of men on prophylactic drug treat- 
ment were submitted to violent exercises and exposures with a view to simu- 
lating strenuous active service conditions m order to see if attacks of malaria 
could be induced. It is impotable for me to give any further details of the 
painstaking method of these investigations carried out by Brigadier Faikley 
and hi* team at Cairns m Australia. Those of us who had the privilege of 
hearing him lecture on the results of this work before this Society during his 
visit to this country last January will have realized with what scientific thorough 
ness all the experiments were earned out. The mam outcome of this work 
was the dear demonstration that persons taking 0 1 gramme of atebnn that is 
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one tablet a da? did not suffer from malaria, though exposed under actnc 
service conditions to the roost intensive infection by the bites of moaqmtoes, 
and that the daily dose could be continued practically indefinitely with no 
more inconvenience to the individual than the alight ycLlovr coloration of the 
•km It la not too much to uy that thii demonstration, which convinced era 
the most sceptical of military command era altered the whole course of the 
war in the Pacific Before this the incidence of malana sis terrific (750 per 
1 000 per annum) but with the adoption of the one pill of atebnn a dar nodff 
strict military discipline the incidence fell rapidly to 26 per 1 000 so that 
malana became almost a negligible problem as regards troops in the fieii 
In other localities where malana is hyperendemic, tuch as West Af nca iai 
Burma, the enforcement of the one pill a day rule under strict military discrplaf 
haa been followed by similar reductions In the incidence of malana. Tb» 
indicates that the Pacific strains of malana arc no more susceptible to the arts® 
of atebnn than are those of some other countries. Whether there exist straw 
more resistant to atebnn cannot be stated till a greater number bare b«* 
tested. Experiments at Cairns clearly demonstrated that quinine In a ddh 
dose of 5 or even 10 grains a day is incapable of preventing attacks of maligMrt 
tertian or benign tertian malana with any degree of ce r t ai nty Though atetm* 
u better than quinine it haa its limitation*, aa relapse* are not infrequent if® 
its osc. In dealing with troops returning from malarious areas in New Ganw 
the procedure was adopted of continuing the daily doae for about 3 weeka tfat 
the malarious area had been left In spite of this, within a few weeks of ceatff 
to take the drug attacks of malana occurred. These attacks, however 
invariably due to benign tertian malana the daily dose of atebnn had entudr 
eliminated any malignant tertian mfcctiOD which had been contracted Tfe 5 
selective action of atebnn was amply confirmed by controlled experone* 3 
earned out at Caims. It U in some respect* similar to the experience of d* 
last wax to which I have already referred, the cases of malignant tertian mthm 
which had been treated with quinine in Macedonia and presumably cured, aftc 
return to England suffered relapses not of mahgnant tertian but of benign term* 
malana Though atebnn fad* to cure benign tertian malaria entirely & 
demonstration that it is an effective prophylactic — even in areas where ^ 
infection rate by the bite* of mosquitoes is very high indeed — l» one of & 
outstanding achievement* of the war While taking one pall a day a mao c* 
carry on intensive warfare with little fear of being incapacitated by attack* * 
malana. It seems that the loss to the Japanese of the main cinchona plan 00 ** 
of the world was a blessing in disguise, for it was the chief stimulus which, 
to the production of atebnn cm a large scale. As Sir Leoxajuj Rocns rtOU 7*, 
at a meeting of this Society it u paradoxical that a German invented 
was one of the chief means of our defeating their ally the Japanese. Scmeo* 
who ought to know said to me recently that without the use of atebrin in 
it would hare been impossible to hsve prevented the Japanese from 0,TI " 
running India. 
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MALARI * — EXOERTTHROCYTIC DEVELOPMENT 
Some significant observations were made at Cairns on the mfectivit) of the 
blood taken from volunteers on whom infected mosquitoes had been allowed 
to feed. Blood taken from one arm 7 minutes after mosquitoes had fed on the 
other arm was infective to fresh volunteers showing that sporozoites were 
circulating m the blood. After 30 minutes the blood was no longer infective 
and it remained so in the case of P falciparum till the 7th day when it again 
became infective and m the case of P vtrax till the 9th day When the 
experiment was repeated on volunteers taking one pill of atebnn a da) the 
blood m the case of P falciparum infections was again negati\e till the 7th 
day when it became infective though parasites could not be microscopical!) 
demonstrated in thick films It remained infective on the 8th and 9th days 
and then became persistently negative if the daily dose of atebnn was continued 
for the prescribed period of about 3 weeks In the case of P vivax infections 
on the other hand, a penodof non mfectivit) of the blood was almost invariably 
followed by attacks of malana some time after the dad) dose of atebnn had been 
stopped. The general result of these observations is that after an infective 
mosquito bite sporozoite* are present in the blood for a few minutes only 
the blood is then negative for 6 to 9 days when it again becomes positive 
If atebnn is being taken daily this positive phase still occurs but it lasts onl) 

2 or 3 days m the case of P falciparum infections It would seem that the 
only reasonable explanation of these facts is that the malarial parasites during 
the negative blood phase* are undergoing development in certain cell* of the 
body other than red blood corpuscles and that atebnn has no action on these 
stage* or fails to reach them. As atebnn cures malignant tertian malana entirely 
n might be supposed that the duration of this phase in the case of P falciparum 
w a short one and that as it fails to cure benign tertian malana entirely this 
phase of P vtvax persists for long periods and u responsible far the many 
relapse* which are characteristic of this type of the disease Unfortunatel) a* 
regards human malaria, these stages are as yet hypothetical, as no one has seen 
them, though efforts are being made m several countries to discover them if 
they exist To my mind the van o us reports which have appeared of the <bs 
coverv of such forms in human malana are quite unconvincing 

Another important advance in the field of malana has to do with the 
development of sporozoites of Plasmodium galhnacfum of chickens As you 
know this was the parasite m which James and Tate discovered the remarkable 
exoerythrocytic stage* of development. As roosqmtoes are easily infected 
with it, it seemed particularly suitable for the study of the development 
of sporozoite* in fowls. A number of observers have attempted to trace this 
development with varying success Of the earlier worker* Reichenow and 
Mudrow in Germany and ParaNESE in South America were the most successful 
but it was left to Huff and Coulstov to give the most complete account m their 
paper published at the end of 1944 of what happens to the sporozoite when 
it is injected into the chicken They have found that in the skin the sporozoites 
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quickly penetrate the mononuclear phagocytic ceilf of the coonecttre tusot 
There they increase in toe mod m about 42 boura break up into 100 to SCO 
merctoitea when the cryptnzoie generation ji completed. Tbcae cr y ptai ac 
meroroitca enter other cells, other local or more remote and commence tie 
first mctacryptozoic generation. Thi* is very similar to the firat or ajptuex 
generation and. like it, cndi m about 42 houn with the production of the fiat 
metacryptoxoic mcroioitcs These menxtoites are acattered fir and mi 
throughout the body and a few apparently enter red blood corpoadea and ttn 
the erythrocytic phase of development. Othcra enter macrophages or en4>- 
thebal celb of various organa to commence the second metacryptoioic genenaoa 
Shortly before this it has become possible to distinguish two types of natur 
schiront, or tegm enter u the authora call them. One produces from 100 ■ 
200 large merozoites and the other from 600 to 1,000 small merozoites. Thy 
are termed macro- and micro- meroioi tea re sp ec ti vely Aa development pf 
ceeds, more of the latter and fewer of the former are produced, while with ad 
succeeding metacryptazaic cycle larger numbera of the merozoites enter tb 
red blood corpuadea. It may be that the change in type of the schiroctj i 
eorrebted with the increased invasion of the red blood corpuadea which tio 
place. 

Now that the early atages of development of the malarial parasite of fori 
has been so dearly demonstrated it is very tempting to auppoae that a sunf* 
development exists in the case of the human malarial parasites. Hojt oi 
Coulson have been careful to point out that the early stages of developed 
have only been seen in those bird malarial parasites in which exoerythnxj* 
forms are common. They note that in many bird malarial parasites such ft* 0 
have never been found though repeatedly looked for They think it 
that acme species of malarial parasite undergo their cryptoaoic development * 
cells which are different from those utilized by the parasite of fowls. Tbf 
also think that the possibility of a direct development of a sporozoite rc* 1 
parasite of a red blood corpuscle (as Schaudecv so long ago described) case* 
be entirely ruled out, though there is much indirect evidence aganttt ^ 
hypothesis. As we have already noted. Brigadier Fairixt and his co-wed 81 
at Cajms have shown that, following injection of ipororoites into iu** 
vo fun teas, the blood, after being infective to other volunteers for s few mam* 
then becomes non infective for a week or more when it once again hecoc 8 
infective This is highly suggestive of a development in some part of* 
body other than in the red blood corpuscle*. In this connection I was rennow* 
a short time ago by Sir Pmur Mansov Baku of s paper which I had fair*** 
It was on the subject of malignant malaria in Macedonia, by Gumi ** 
Maun, punbshed m 1920 One section of the paper was headed “ The 
places of the malarial parasites m the body which show* that even the® 
possibility of such hiding places was being considered. They stated th*t^ 
had seen malarial parasites in the trabeculae and supporting cells of the ip* 8 * 
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pulp in stellate cells in the liver and in the heart in lymph spaces between 
the muscle fibres and, most remarkable of all, in the sarcoplasm which imme- 
diately surrounds the nuclei of the muscle fibres themselves These forms 
contained no pigment but were small solid bodies with a tingle granule inter- 
preted as chromatin The authors referred to them as filled m rings. What 
to me seems most questionable about them is that wherever the\ were found 
they were all m the same stage of development. Hot.' ever this may be, the 
search for the hiding places of the human and monkey malarial parasites is 
still going on and if such exist there is no doubt that before long they wiU be 
brought to light. The important work of Huff and Coulson nail do much 
to facilitate this quest. 


INSECTICIDES AND REPELLENTS 

While on the subject of malaria and its suppression or prophylaxis we 
naturally think of the icry important diicrn erics which have been made in the 
direction of mosquito destruction and the prevention, of their bites The most 
important relates to DDT an up to-date account of which was given before 
this Society last February m a most instructive address by Professor Button 
The far-reaching applications of this very remarkable substance are likely to 
play an important part m the prevention of those tropical diseases for which insect 
vectors are responsible The employment of DDT in sprays to kill adult 
mosquitoes and house flies in houses and enclosed spaces in sprays to destroy 
mosquito larvae in water in dusting powders against Lee in solutions for 
impregnation of clothing and bedding to render them louse-proof are but a 
few of these applications. I hear rumours of the use of DDT against fleas and 
tsetse flies, but as far as my information goes it is too early to make any definite 
pronouncement under these headings No doubt in due time DDT will be 
tned out against sandflies and other vectors or their larvae, os a means of 
prcrenuctD of many tropica . J disease? 

4s regards malarial prevention I have seen * recent report by Simuovb 
from the United States in which it is shown that the spraying of a room with 
DDT, using 20 mg per square foot, will cause the death of 60 to 90 per cent, 
of all wild mosquitoes which enter the room 20 weeks later while the spraying 
of water using 1/10 lb of DDT per acre, will kill all mosquito larvae, and 
this at one-fifth the cost of the amount of oil necessary to give the same result. 
Already DDT his its competitor in the gamma isomer of benzenebexachlonde 
(666) or Gammexane recently introduced by the I C I 

The question of insect repellents is one which has occupied the attention 
of investigators in this war particularly from the point of view of the louse 
and the mosquito This work was commenced in the Entomological Depart- 
ment of the London School of Hygiene and Tropical Medicine under Professor 
Buxton Sit Rickajld Christophers then took up the subject and has been 
responsible for the major part of what we now know under this heading A great 
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deal baj *Iso been done m the Lnited States tnd tn Russia, The results of i3 
this work are not vet pnbbc property but we do know that the phthilco— 
dimethyl dicthvl and dibutrl phthalate — arc very much disliked by nan 
insects so much so that drmethvl phthalate has been employed very exioamiy 
for rubbing on the skin to ward off biting insects particular It mosquitos. 
It is a dear liquid, sGghtlv thinner than glycerine « practically without sea? 
and is not imtatmg to the skm. Lnhke many other repellents, its effect pervn 
for some hours even in hot countries where men perspire freely It i» effetfnt 
in repelling the mite vector of scrub tvphu*, but the butvl phthalate a prrfenri 
by Australian authonties for this purpose as it is more effective than the nedd 
derivative, killing a> well as repelling when applied to clothes and bediif. 
\o doubt we sbaD hear more about these repellents and others, such u it 
bexamedHiU which some think arc even better when the general release d 
informs* on takes place It is quite dear ho w e v e r that for the first nor 
repellents have been disccncred which actually do what is claimed of tfcffl. 
They repel insects when applied to the skin, dnre than away or even kill dtf= 
when introduced into d cubes and bedding and when sprayed on to mo*quH 
netting as observed by American and Human investigators will set cy i 
bamer which insects are reluctant to pass even though the mesh is wide tacz$ 
to admit them easifr 


TTFurs. 

I hare just mentioned scrub typhus, which has threatened our troop* & 
Burma and m tbe islands of the South West Pacific. This is the Japcr* 
nrer fever or tsutsugamushi disease, which had been thoroughly studd d 
Japan long before tbe war and later in the Malay States. The vector bej 
a nute, u a most insidious creature which it u practically impossible to *«ci 
in those localities where it occurs in abundance. As I have said, some pit® 
two is given br suitable clothing and bv repellents but these hare their E® 5 *' 
dons. As a result of intensive im estimations m this country and in the 
States, a formahmzed vaccine was prepared from the lungs of nasally infect 
cotton rats. This gave tome protection id laboratory am mah and so crp^ 
was the need that it was deeded, admittedly on somewhat incomplete evute**- 
to use it on a large scale in Burma. It teems that tbe sudden termtnatae® 
hostihoe* wifi 1 fine mferrupfed the Urge tale erpenmenc winch wt* F* 
commencmg 

Louse borne tvphu* has also been a menace in North Africa, Irak, P fr53 
and other places. The disease has run tu accustomed course and attenij** 
protect! on by raca nation hate been earned out on a fairtr luge 
raceme employed has been a concentrated formahmzed nckfttnal rs^y* 
prepared from egg soft cultures by the processes of Coi and CxaJCII. Tbt^P 
the full results have not vet been assessed, I believe the general impr****® 
that some degree of protection has been conferred. 
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In the prevention of typhus there can be no doubt that DDT has given the 
most remarkable results Apart from the fact that the dusting of individutls 
already lousy will quickly dear them, the observation that garments can be 
rendered louse-proof by impregnation with this insecticide has been of the 
utmost service in the prevention of typhus and other louse-borne infections 
A soldier s shirt once impregnated will retain its insecticidal properties 
through a number of Launderings — practically during the whole life of the shirt. 
If this were the only property of DDT its discovery might nghtly be regarded 
*s one of the most important hygienic advances of the war 

In connection with typhus a great deal of time has been devoted to the 
study of the antigenic structure of the vinous typhus nckettsiae. These have 
yielded very important theoretical results upon which the principle of immun- 
ization by vaccination waa based. Efforts have been made to improve com- 
plement fixation and agglutination tests using nckettaia as antigen but they 
have not contributed much to the routine diagnosis of typhus which is still 
based on the old Weil- Felix reaction 

DYSENTERY-BACILLARY 

I come now to a consideration of the dysenteries of which as m the previous 
war the bacillary type promised to be the most important. In fact, during 
the first year or two it seemed to be just as prevalent and there was as usual, 
every gradation of seventy between the serious Shiga case* and the mild forms 

pppy tummy Treatment was by salines and serum but I do not think 
anyone had much confidence in the latter Neither could Compton convince 
the mtjonty of those who had the handling of dysentery cases m Egypt that 
the phage treatment be advocated gave the good results he claimed. Matters 
were in this somewhat unsatisfactory state when there appeared the papers 
by Marshall and his co-workers of John^ Hopkins University announcing a 
new lulphonamide, namely sulpbamlylguanidine, or sulpbaguamdine, which 
though soluble m water was not so readily absorbed from the intestine as some 
of the other derivatives so that saturation of the intestinal contents could be 
obtained. Hopmg that on this account the drug would be of use m the treat- 
ment of bacillary dysentery Marshall and his co-workers tried it on a number 
of scute Flexner and Sonne infections in man y cases the result was dramatic 
and immediate recovery took place. The drug proved to be not tone even m large 
4ose* and as the blood concentration was relatively low there was less danger 
of the kidney damage which is associated with some of the other more readily 
absorbed sulphonanudes These preliminary results were confirmed in Egypt 
by Fairley and Boro and Buttle, who had received a small supply from 
the U.S snd soon demands for the drug came in from many theatres of war 
A period had to elapse before supplies became adequate and efforts were 
made meanwhile to improve the anti-Shiga serum. A concentrated serum was 
m process of trial and had been favourably reported upon when the supplies 
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of sulphsguanldine became sufficient for general uic The mult* of iratni* 
of bialkry dysentery and of what might be termed the pre-dysentery dtmbn 
were *o satisfactory that the opinion hi* been expressed that bacillary dpottny 
ceased to be a war problem. Other sulphonarmdes are known to rmt i 
fsrourablc action on bacillary dyaentery and it seems probable that wlpki- 
guanidine may not be the hut word in the treatment of th» disease by tk 
solpbonamide senea of drug*. Some daim that sucdnyhulphithrizoJe, a 
sulphas undine for short, is better as not more than 5 per cent, of the d* 
is absorbed from the intestine, as against the 30 to 60 per cent of dm i 
sulpha guanidine. 


PTXEMTESr-Al iota I c. 

At the outbreak of this war amoebic dysentery was very much io the art 
positron as it was after the last war It was known that emetme hydroeUon* 
by injection would control the acute dysenteric condition and that it she r> 
effective for amoebic hepatitis and brer abscess. In the more chrome case, 
however it too often faded to get nd of the amoebic infection. Better rocb 
were obtained with emetine bismuth iodide especially in toalthy or rehtntly 
healthy earners, but even this drug might be inactive in those chrome enfl 
where there had been a long-standing colitis. A number of other ranefic 
were tried. These fall into two group* — the Arsenica Is, such as atoraiwJ oi 
carbssone and the todo-compoundi, like chinofon or yatren diodoquffl *•* 
vtoform Diodoquin, with a high iodine content and low toxicity hu bn 
increasingly uaed in the United State* where it ira* first Introduced la 
Lately it has been employed in this country it r* said with some success b 
pointed out by Mojrrorr it it possible by the use of these various ron^ 
without placing absolute reliance on any one, to cure a large number d 
cases. There still remain far too many which appear to be absolutely renH* 
and it ts in connection with these that one of the most important develof®*** 
in regard to the treatment of amoebic infections has been m ad e , &*■** 
you will remember that at a meeting of this Society last November Lt-C» 
HajicxeaVE* reported that certain cases which were resisting all 
treatment and were steadily going down hiD improved drtmitiCaBy 
given a course of penicillin. The amoebic infection, however persisted ** 
it appeared that the imp rov e m ent was due to the elimination of bacteri al c»^ 
tions- The striking observation was then made that after this imprortwr* 
the amoebic infection responded reatfily to the routine anti-amoebjc 
Colonel HiJtcAEAvrs has continued his observations along these lines *fld 
thit the initial improvement may be even greater if in addition to P C,D \*I 
one of the aulphonanudes is also given. An important outcome of ^ _ 

u that it disproves entirely the new persistently held by aome that ^ 
are resatint in the first place because the amoebae are emetine-tot- ^* 6 
has yet produced satisfactory evidence that emctme-£ast strsma exist 
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During this war but not perhaps as the result of a particular war effort 
m tint field, a very important investigation which hat been going on m India 
for over 20 yeart was brought to a successful completion I refer to the final 
experiment* which have proved that kaia-azar ra India i* transmitted by the 
bite of the sandfly PhUbotomus argentipes At first the sandfly was mentrunated 
on epidemiological ground* then it was shown that development of the parasite 
took place in the stomach and proboscis of the fi> Thu was followed b> the 
discovery of a method of feeding and keeping alive the infected flies which led 
to the successful transmission of the infection by their bites to hamster* 
Finally there was the human experiment in which infected sandflies 
were allowed to feed on five volunteer* from an area where kala rzar did not 
occur with the result that all fi\e volunteers contracted the disease The whole 
of this m\ estigatiop occupying as I have said, over 20 tears is a wonderful 
illustration of team work in which man> distinguished Fellow* of this Soaet\ 
and others have played a part. In May last we had the privilege of hearing an 
address on Recent Research on Kala axar m India by Colonel Shortt who 
had just returned from India where be had worked for many year* on this 
subject and had recently taken part m carrying out and arranging the final 
crucial experiment. 

Another interesting development in our knowledge of leishmaniasis u due 
to investigations earned out by Russian workers Latyshev and Kriukova in 
Middle Asia In certain rural settlements bordering on the desert the incidence 
of oriental sore is very high. The sandflies responsible for its transmission arc 
PhUbototmis papatasix and P c aucanc us which breed exclusively in the burrows 
of gerbils and aousliks Examination of these rodents showed that 30 per cent, 
of one of the gerbils Rfumbombys optmux were infected with leishmama, most 
of the positive animals having sores on the ear*. Furthermore, sandflies were 
not only found naturally infected but were readily infected by feeding on infected 
gprfnh !♦, -wa* provtd Abaft due ■gtrbdi vrtie acSasig as Tevrrrorr* of Abe kreaxan 
virus which was transmitted to man chiefly by Pklebotomsu papatasu the other 
wndfiy PhUbotomus caucasxcus beihg responsible for maintaining the infection 
m rodent population m the burrows. It was found that within the burrows 
atmospheric conditions remained constant throughout the year so that amongst 
the rodents there was not the seasonal incidence which characterized the infec- 
tion in human beings on ground level. Another aspect of tins work is that a 
distinction » drawn between the oriental sore of the desert areas and that which, 
w common in towns The former is said to be a mout variety and it is of this 
that the gerbils and soushks arc the reservoirs In towns oriental sore is of a 
dry type but so far evidence of a reservoir host has not been obtained. No 
doubt observers in other parts of the world where cutaneous leishmaniasis is 
common will attempt to diacmer if similar reservoirs exist in their localities. 
The whole of this work was published m Russian, with which few of us are 
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fumEir Me are ranch indebted to Dr HojUUZ for his detailed renew eftb 
■nd other Russian work on leishmaniasis in the Troptetl Dutaus flaflrtnfr 
Mijr Lul rear 

nrorcenne infection*, 

I think I have now come to the end of tho*e tropical diseases m *hd 
important discoveries have been made during the war It may be tint 
connection with wmc other* there have been advance* which should ban bee 
mentioned, but if to I am not familiar with them. There have been wjtbtnb 
of schistosomiasis amongst the troop* and attempt* hare been nude to H 
a better treatment for thi* helminthic mfection than tartar erne be or foot, 
bnt without any definite result as far a* I am aware S imilar ly there have be 
a number of cate* of 6 Linn is from the South-West Pacific area and a pt 
deal of work to find a cure for th» condition has been earned out In the Utcd 
States. Though no specific remedy has been announced, a distinct tdm 
has perhaps been made in the dis c overy that the cotton rat is liable to a fici 
infection which may be conveniently used for testing cberootheiapenbc wtci 
It mar be that this animal, and also the dog by virtue of their filarial mfecan 
may be the mean* of discovering a long overdue re m edy for fihnm 

We hear rumours that ooe or other of the salpbonarrudes, or pets!'- 
have • curative action in plague, cholera, relapsing fever yaws and ede 
tropical diseases, while quite recently it ha* been announced from Fmxr & 
worker* in Madagascar have isolated from a plant growing there a glue®* 
named asrencoaidc which they claim to be of value in the treatment of kp* 
It is dear that we need much more information before we can form anv opr' 
as to the real value of these claims. 


The Fctout of Tkofjcjsl Medicine. 

From the review I have given I think it will be admitted that donrf^ 
war considerable progress in our knowledge of troptcal disease* ha* been rai > 
m several direction*. The reason for this ha* been the great urgency foe 
improved methods of protection and treatment for the very large tmtnber 
non-unmune soldier* it was necessary to aend to tropical and rob-tt^T^ 
countries The rapidity with which supphe* of remedies auch as ttebcfl rJ 
sulpha guanidine were produced thow* clear! v what can be done wbeo 
is sufficient incentive. Now that the war is over I wonder whether re** 3 
in tropical medicine wiD be earned on with the tame enthusiasm tod 
ruination. In the United States interest in troptcal medicine hss derr^r" 
comidtrtbly during the war and, with the very large number of men 
from oversea* where they hare been exposed to tropical infections, tb» ,jS p' 
wiB, of necessity be maintained. Schools of troptcal methane 
established and centres for the treatment and investigation of tropical 
have been developed. It is safe to say that though before the war the « ' 
was already m the forefront of tropical medical research in certain fi^n*. 
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now advanced far beyond this, so much so that there is hardly a tropical disease 
that is not under investigation m some form or another in the United States 
*t the present time. Many papers have been published and a number of books 
on tropical medicine and related subjects some of them very good indeed 
have appeared. Having found tropical mediane so interesting and productive 
it is hardly likely that workers in the U S A will give up their enthusiasm for 
this branch of medicine — and no one would wish them to do so for they will 
undoubtedly continue to add much to our knowledge of this subject during the 
years that are before us 

It is perhaps unnecessary to refer in detail to the well-known facilities 
which exist for the study of tropical medicine in India Courses of instruction 
arc regularly conducted at the School of Tropical Medicine in Calcutta founded 
many years ago by Sir Leonard Rogers Research is earned out there and at 
the Carmichael Hospital and many other centres where tropical diseases are 
treated. Research Institutes exist at Haaauh Bombay Madras and other 
places. Our knowledge of malaria is constantly being added to by the Malaria 
Institute of India. With its many highly trained and experienced investigators 
and its unrivalled opportunities for research, India will continue to make valu- 
able contributions to our knowledge of tropical disease* Other countries having 
tropical possessions France Holland and Belgium, were before the war in the 
forefront of tropical medical education and research and they hare contrived 
to carry on to some extent it is to be hoped that they will quickly recover 
from the setbacks they hare had to endure In- South America investigations 
of the many diseases prevalent in that vast area hare been earned on success- 
fully for many yean and hare been productive of most important results 
Tropica] medical research has been going on for some years in South-East 
Russia and in “China, and the war has not been able to bring it to a complete 
standstill. It will be evident that interest and developments in the field of 
tropical mediane will extend very widely now that the war is over 

Tropical Medicine in Great Britain 
Lot us turn for a few minute* to the consideration of the position of tropical 
medicine in Great Britain, whose medical men surmounting many difficulties 
and enduring great hardships were in the early days pioneers m the study of 
tropical diseases in many lands With the development of the British Empire, 
with its many interests in the tropics there was an increasing demand for 
medical men of tropical experience Too often young doctors, but newly 
qualified went out to practice mediane in the tropics where they had to learn, 
by painful experiences extending over years, what might have been taught them 
m as many months had facilities for such training existed. It was Sir Patrick 
ManSOn who having suffered himself from this lack of teaching first realized 
1 fully the urgent need for a centre in England where medical men going to the 
tropics could be taught something of tropical mediane and led to realize the 
r great differences that exist between mediane as taught in the medical schools 
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at home and that which haj to be practiced abroad. The great difference, d 
count Co in the fact that to many tropical daeue* are caused by mrod 
paraiite*, *o that when a patient come* under observation the fin* tbouyfo h* 
to be ii hit condition the result of in van on of the body by one of there pjna» 
which, if not recognized at once may determine a fatal issue before ipeefe 
treatment can be adopted. Sir P.vnuac Manson nndentood all tin* firm Icq 
and painful experience in China, and it was ha ambition to establish in Looio 
a school of tropical mediant where medial men going to the tropta for & 
first tune would receive mi traction which, though not making t hem opera, 
would enable them on arrival to deal intelligently with the patient* who era 
under their care. Sir Pitlta Maxson knew that both laboratory uatrotto: 
and clinical teac hi ng ihould be earned on aide by «de and that with the cer 
without the other there could never be a proper comprehension of what trope! 
methane menu. Accordingly with the help of JasOTT CJUMBttOW and 6 
Seamen • Hospital Soaety who had been convinced of the aoimdiK* « 
Masks i ideas, there wa* eatablhhed m 1899 at the Royal A£c 
Dock the London School of Tropical Methane, while in Liverpool, with* 
assistance of A mm jam, the Lirerpool School of Tropical Methane as 
into being Through there achooli hare patted many thouaand* of ttuder* 
who must have been eternally grateful for the in* traction they had rrenre 
when they found themrelvea in the unfamiliar surrounding* of the tropes & 
confronted for tbe firat time by tropical disease* of which they otherwise «w* 
hare known nothing The London School of Tropical Methane at the AK 
Dock, aa many of you will remember comprised a Hospital for tropica] <b- 
eaaea. La bora tone* for teaching tbe laboratory aide of tropical methane, Rc**^ 
labora tone* and an Out patient department. Thii w*» to my mind an 
*et-up which functioned very *uece**fully for many year*. In ■order to 
come what teemed to be tbe increasing difficulty of travel from London 
Albert Dock, the school, soon after the last war was moved to the dd 
budding in Endalagh Garden*, Eaton, where the same department*, Ifie&sfc? 
the hospital were established. Apart from the convenience of bong t*** 
acceaaible, the new Hospital for Tropical Diseases and School of Trey** 
Mediant offered no advantage* over the old Hospital and School at the AS* 1 
Dock. Later a* you know through a munificent gift from the Rocked 
Foundation there w*a estabhshed the London School of Hygiene and it ** 
decided — m. fact l *m told « vu a cundstwo -at the pft — that, the 
Tropical Mediane should be taken away from the building at 
Garden* and amalgamated with the School of Hygiene under the f* 01 09 
London School of Hygiene and Tropical Methane.** This had the ad*«*tF 
of giving more apace for the Hoapital for Tropical Diaeasc*. but it 
appeared to me a retrograde step for now for the first tone, the ttactatf 
the laboratory side of tropical medicine was separated from the cEoical 
the hospital- The close interdependence of die two was lost usd 
there arose the optm cm which found expression In some quarter*, da* tex*** 
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on the clinical tide was not a necessm This meals a complete lack of under- 
standing of the intimate association of the laborator) side with the clinical side 
which roust exut if tropical diseases are to be understood and dealt with properly 
from thfc points of view of diagnosis, treatment and prevention 

While the changes which I have just outlined were taking place, a very 
significant development in the tropical medical world took place I refer to the 
foundation at Hamburg of the Imtitut filr SchifFs- und Tropenkrankheitcn 
now I understand, rased to the ground Thit had as its pattern the old London 
School of Tropical Medicine at the Albert Dock. There were similar hospital 
arrangements teaching laboratories and research departments all on a single 
site. E\ cry thing was on a larger scale than was the London School, and there 
can be no doubt that the Institute was well organized possessed a highly 
competent staff and eras very successful m ever) way I paid several visits to 
the Institute in Hamburg and it was always With a feeling of envy or jealous) 
that I came away after having had to make some excuse for the absence of 
such a centre in London To me it seemed inexplicable that it was not found 
possible for London — the centre of the British Empire, with all its Colonial 
possessions and Dependencies in tropical lands — to found a Tropical Medical 
Centre at least as good, if not better than the one in Hamburg 

THE URGENT NEED FOR A TROPICAL MEDICAL CENTRE IN LONDON 
During the war through no fault of our own the facilities for dealing 
with tropical diseases and teaching tropical methane have not unproved. The 
Hospital for Tropical Disease* at EccUlagh Gardens had to be evacuated 
for reasons of safety It was subsequently seriously damaged by enemy action 
and was finslly abandoned. That it was not past repair is proved by the fact 
that it was taken over by the Government and is now fully occupied by a depart- 
ment of the Ministry of Pennons. The London School of Hygiene and Tropical 
Methane was also damaged on its eastern side but, m spite of this and the 
has of staff o« active service a number of short courses in tropical medicine 
■were successfully and gallantly conducted for the benefit of medical officers 
the allied nations who were going overseas The present position in London 
* ecm * to me deplorable There is no Hospital for Tropical Diseases and the 
School of Tropical Medicine w housed m a budding devoted chiefly to the 
teaching and study of hygiene and kindred subjects as applied to this country 
There seems to he little prospect of the tropical medical section expanding 
In fact, I understand that for teaching and research in hygiene and the estab- 
lishment of new departments m this subject more space is urgently required. 
It does seem therefore that there is now an opportunity not only for formu 
latmg plans but for taking definite steps to establish a Tropical Medical Centre 
m London where tick people returning from the tropics could receive proper 
treatment other m hospital or as out patients where the teaching of tropical 
medicine in all its branches could be earned out m close association with a 
hospital for tropical diseases, and tvhcrc research into the many problems still 
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awamng solution couJd be amed on l vjsuaKxc *uch a Troptcal \fcfcf 
Centre u consisting of * Hospital of perhaps 300 bed* where nek peopfc frea 
the tropics could be examined to determine in the first place »betfaer 
are suffering from some tropical disease or not and, if so, where they codJ 
hare i killed and adequate treatment an Outpatient Department abek* 
properly advertised, so that casual and impecunious individuals from A* 
tropics could obtain expert adnee and treatment Labors tones sod Lectot 
theatres for the teaching of tropical mediant and Research Departments far 
research in the various branches of tropical methane and allied sublets. TW 
various sections should, ideally be in a number of separated buildings located 
close together on a single site or if this it found to be impossible ta a ctstrJ 
position in London, then m a single building of sufficient sue to allow of expo- 
aion when this became necessary In order to any out such a plan utafacwh' 
it would probably be necessary to build, which is a great difficulty at the pre*£t 
time, though the provision of proper hospital facilities for the ever motae* 
number of people who will be returning to this country suffering from trepal 
disease* might be a sufficient excuse for breaking a rule at the present teat 
If such a scheme as that which I have tned to picture should be approved *5 
those in a position to deade such matters it seems to me that a swtaMe *a 
in a central position should be secured at once for it is certain that if th»» 
not done no site will be available later on. Htvmg secured such a wtt, a hr 
notice should be erected tnaounang that this » the site for the New Hcaptil 
for Tropical Disease* and School of Tropical Medicine IF this were da* 
the battle for a Tropical Medical Centre would be more than half won. 

\\ e have beard a great deal lately of Colonial development* and very bT 
sums of money have been mentioned u ear marked for improvements a 93 
Colonies not the least of which hare been promises for improvements t* 
general health and living conditions of the native*. I can think of no 
object better calculated to give aueh result* in our tropical possessions tktn & 
establishment in London of a Tropical Medic*! Centre, where sick people frs* 
the tropic* could be looked after and where medical men gotng abroad. ^ 
others coming here to study could be taught something about the tnodfl 1 
methods of diagnosing and treating the diseases they would encounter wt*** 
research would constantly be going on cither at the Centre itself or in xtrt* 
part* of the world to which special reams of investigator* had been sect 1 
great deal has been done recently to extend these facffitie* at the LnetJ*" 
School of Troptcal Medicine which actually came into being * few wc *^ 
before the London School and it is now in a better position to undertake Jf* 
treatment of patients and the teaching of tropical median e This r* »H 
good, but what it needed is a Troptcal Medical Centre in London. It ***** 
restore the position formerly held by this country would be a mmon*** * 
the many pioneer* who devoted themselves to the study of tropical dc**** 
and would be * centre of tropical medicad activity worthy of the Bn tab £ fn P trt ' 
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The present investigation arose out of a report by Cocgeshaix, Mater 
and Best (1941) from the Canal Zone in America, where thirteen cases of 
raalana were treated by sulpha duurine with apparently successful results in 
ten of them. These experiments, however did not teem to have been suffi- 
ciently wcU controlled either clinically or by laboratory examinations to warrant 
any definite statement as to the efficscv of the drug 

Scheme of Investigation and Methods Employed 
(1) Number of cases — Twenty cases, including both fresh and relapsing 
***** of benign tertian (BT) fresh and relapsing cases of malignant tertian 
(M T ) and one case of quartan malaria, were treated with sulphadiazine alone. 
A number of other cases also were treated with sulpha diaxmc but in these 
the treatment was supplemented with some other form of therapy such as 

•Our thanks sit due to Col JDS Caisx*oh late hla^ux, at whose mstigatwo 
this enquiry »u undertaken to Ll-CoL A W D Lswhmam and Lt.-CoL R. N Phxam, 
for much ktixllr help and encouragement throughout the investigation to Major Ma*T 
McH ttm, IAJ4LC- for carrying out die laboratory vroric during the Utter part of the 
research to Capt. P C WlNOATX, SA-M.C., for painstaking aaaataoce with the follow-up 
and also to CoL G MoutsoN and Lb-CoL Phxas* for perma*»on to publish this paper 
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phamoqume, quinine at atebrin. Tbe*e case* air not included in oar tenet, 
but a few point* of interest in connection with tome of them wil! be 
tn the course of this paper 

(2) Control coin —The variability in the natural hiatory of tn mad <J 
malum make* the accurate mewment of the rcauJt* of treatment my tfifflod 
unless an adequate acne* of control caaea it used for ccmpamco. Tb* 
control! are of two type* firstly thoae undergoing no form of tranaetf 
apart from the purely symptomatic variety such aa the admlnutratwa of 
atpirm and, aoamdl}- from the point of view of the study of the iaodow 
of relapse, thote treated with quudne, atebnn and ptaamoquine in actontew 
vnth routine Army practice. 

Our acnca included ten untreated control*. In practice it was forad 
that by the tune a patient hid reached hoapital and the diagnoua hid ben 
eatabGahed, h» attack had usually been proceeding for tome 3 day* *0 ih* 
treatment could not be instituted until the 4th day of the disease. Since « 
found that the day on which the avert ye tr eated caae became paratite-free vo 
the 12th day of the di trite, although only the 8th day of treatment — in pron&f 
control* for theae caaea it wa* neceaaary to allow a penod of obacn-atioG cf a 
hast 12 day*. Accordingly in our untreated control* the attack wti peraattH 
to take it* course with only non specific, aymptomatac treatment for 12 Arp 
or m tome case*, rather kragw Reiute of quinine-atebnn-phun»q«« 
treatment were aaaeaaed from the effect* of thb form of treatment on tk 
untreated control* at the conclusion of their experimental period, on cam 
admitted and treated normally and from reporta from extraneooa aourw*. 

(3) Atutmttd of tffeci of trtaimnt.—T ha waa done, in the first pbxc, bj 
clinical observation of the caaea, the moat important criterion bang the ce*B*e 
of pyrexia. Secondly progress wa* followed by *eral laboratory exanumo* 1 * 
of the blood earned out at definite intervals danng treatm ent. Theae ex*®**" 
bona included both the performance of parte te count* and the obaemtw ^ 
the forma of the parasite present. 

(i) Parasrte Co*atU. — Whenever possible, samples of blood were tak® 3 
the morning between the hours of 9 and 10. 

four ce of biood wart withdrawn by vtnepuoctara and diacharjed into * 
coded tube ccotriom* an opomal amount of aobd amm onhim and potassium ax*}* ** * * 
«ntlca«®ul*nt to ctmita tsotoruoty ti recommended by Wovraoe*. Tbe*e wrnpio 
n mcT gd at tha b lmraio ey ususDy w irfam I hour of tjJom and all laboratory aunfe****' 
earned out on them wirtin I bouts of receipt 

If positive counts are to be accurate and if negative findings are to be 
any value — an important factor tn an investigation such as tin* — a 
large volume of blood moat be examined. This necessitate* die uae of * *** 
film method Moreover an absolute method of counting i» desirable amceu* 
enumeration of parautea relative to some other variable such a* red oc 
blood cells which may vary not only m number (thus introducing an *ddh*®* 
and tedious estimation for every count performed) but also in their dzs#**®*** 
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m the film (a factor which cannot be accurately assessed) must increase the 
experimental error The method used was a modification of that of PHESCOTT 
and Breed for the enumeration of the total bactcna m milk and is similar in 
principle to Christophers’ method for the counting of malaria parasites. 

The assisted blood to be coanted » drawn up to the 20 emm. mark mto a Sahli 
haenwglobmometer pipette. The end of the pipette is wiped and the blood ts carefully 
disdjarffed on to a dean, grease-free slide and spread seen rarely and evenl) over sn area 
of 2 »q cm. The film Is slknred to dry st room t emper s tu re on a level surface It is then 
dehsenwglobmieed wrth drrtiHed water for 30 seconds, stained by Field s stain and left 
Minding in tbe vertical position to dry Field s stam ts easy and muck to use the staining 
of each slide taking only about 10 seconds Interpretation of the flints is easy once a Little 
experience has been acquired. 

In order to perform a count, the diameter of the microscope field usmg the 1/12 inch 
objective, is measured and from thu tbe aria of die field b calculated. If we know the 
average number of parasites per field it u easy to calculate the number present m the 
2 aq cm. of film But this is the number m 20 cmm. blood smee this was the amount of 
blood used in making the film The number of parsai tea m I cmm. blood is, therefore 
known and all results were thus expressed. In counting the edges and central parts of 
the film were given equal consideration- Tbe number of fields counted in order to obtain 
an average depends on the concentration of the parasites and tbe evenness of their 
distribution 

Before a sample of blood was reported negative at least 100 fields repre- 
senting 0 5 c.mm. blood, were examined. 

The method gave good and consistent results m practice was quick and 
simple to perform and required no special apparatus 

The advantage of the thick film method over the thin m assessing the 
effects of treatment is shown by comparing the average day on which the blood 
first failed to show parasites as judged by both methods for the first twelve 
cases under treatment with auiphadxazine. Thu figure was 3 7 by the thin 
and approximately 8 day* by the thick film method. On the average the thin 
film failed to reveal parasites after a reasonably thorough search when their 
number had dropped to leas than 100 per c.mm. Thu counting range, lying 
between the limits of the two methods, is the critical one for investigation 
'rhen the effects of a new drug on the parasite are being examined 

fn) Observation of the forms of the parasite present was made on thin 
hhns stained by Leishman s stam. Lack of tune precluded differential counts 
«ctpt m the case of M T garnet ocytes and the predominant form present, 
whether early or late trophozoite or achnont, only was noted 

It was considered that one of the chief factor* which would determine 
the usefulness of any new anti-malanal drug and one which should be given 
» prominent place w the assessment of effects was the ability of that drug to 
effect a cure and not merely a suppression of the infection. This property 
of the drug was compared with that of the standard Army treatment by following 
up the cases after their discharge from hospital. The likelihood of fresh infec- 
tion* arising to complicate the position was reduced to a minimum by transferring 
the patient* on discharge to a Convalescent Depot situated in an area where 
the altitude preclude* the possibility of freah infection We were thus able 
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to form i rough idea of the relipse rite of cases treated by sulpbaduune or tk 
one hand and by the quinine itehrm pUamoqume course op the other 

(-1) Dosage of the drug — Routine estimations of the blood *ulphi&nx 
level were made it definite interval* throughout treatment in all case*. 

\lfthol — The twti of the method tried » u that of TNoDfra (1®^) and depeb 
on the development of m yellow colour of an int ern if y proportional to the cooceocntoo d 
the druc when mmpoundj of tb* wlpboosmide froup mre mix e d with a aoindca d 
p-dim«iryI-«nido~bcTixaldehyd*. 1 -0 ex. extUlrd w hole b tood wm added to « rwrttft 
of 20 per cent, tnehkirvrrtic aod (11 -B ex.) and HCt NaCI buffer (1 2 ex.). Tb* prwm 
precJfwtated at one* and were removed hr centrifuffag. 1-0 c.c. of the dear aop emna t 
fluid wu transferred to a narrow tube and 0 2 tt of a 1 per cent. solution of p-cbrortM- 
amldo-hensaldeirjde m acid-alcohol added. The reruhant yellow colour was maieWd 
apaimt • ano of potassium cbrtanate-djebrocoare itxralanis »hkh had pteTkwiy ken 
standardized affajmt known, wtigbed cor>o<*n nation* of rntphadkaxina tre at ed io pn- 
ebefy tha mu manner aa tha Wood. 

The method eifknatr* only the free drug and not the acrtylated form. 

The dosage of *uiphadiixuie emplovrd in the majority of cases was ti* 
generally recommended for the treatment of pneumonia by the me drtj 
(FrvLA.VD et *!., 1941), that it, a loading dose of 5 grammes m the fir*t 4 ham 
foil owed by 1 gramme 4-houriy Some mi till experiment* were cimd a* 
however to determine («) the rite of absorption and excretion of a *mjk. 
initial do*e of 3 gramme*, and (&) the effect of an initial dote of 5 gttmaa 
m the firm 4 hour* foil owed by 1 gramme 4-houriy m mamtimoig the bW 
leveL The reiuhi of these investigations ire ahotm m Graph I 



Unrig the latter dosage we found that, on the avenge, the concentrate* 
rn the blood measured 24 hours after the first dose wss about 10 mg 
100 c C. and tended to remain at approximately that level throughout tie 
course. The slow rate of fall after the initial dose alone suggested that hoi 
economy in the use of the drug and the maintenance of a satisfactory hwl 
level might be effected by lowering the main tarn mg dose to 1 gramme fi-hoodr 
Later experiments i bowed that patients cm this dosage yielded an arenf* 
blood level of 9 mg per 100 cc 

The effects of varying dosage wiD be dealt with later 
(5) Eryikrocytr Segment a tro* Rite — The reported statement of cert*® 
workers that a normal E.SJL ra of value as a criterion of cure a* oppo*" 
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a suppression of infection after treatment m raalana suggested that an examma 
uon of this chum might useful fv be earned out as an investigation subsidiary 
to the mam point at issue 

True E S R. values onty were used. These were obtained by correcting 
all results for antenna bv means of the Corpuscular Volume 

(6) Ftojwnafion of Sternal Punctures — We had thought it desirable that 
all patients should have their peripheral blood examined after an injection of 
adrenaline and their sternal bone marrow searched for parasites at the con 
elution of their course of treatment before being pronounced parasite free 
These examination* were earned out on the first three patient* but unfortun- 
ately owing to exigencies of sen-ice it was found impossible to continue therm 

Effects of Suuphadiazine Treatment 
(1) Effects cm Pyrexia 

It was found that, on the average m the B T cases fever had subsided 
after 41 days of treatment during which time an average total dosage of 28 
grammes of sulphadiazme had been administered. The M T cases became 
afebrile after an are rage period of 6 day* while the quartan case had his last 
rigor on the 4th da) after treatment had been started Thus, judging only by 
clinical appearances it seemed that the B T cases had recovered after 4 to 5 
days and the M.T patient* after 6 da) * of treatment 

On the average in these cases treatment was not begun until the 4th 
ds) of the disease. 

Of the ten untreated controls four had spontaneously lost their fever 
tuthm 12 days of onset — one on the 2nd day one on the 3rd and two on the 
8th day In the remaining six cases the fever was virtual!) unaltered m degree 
at the conclusion of their 12th da) experimental period. Four of these latter 
remained pyrexial until the 17th da) when their fever wa* terminated b) the 
*d ministration of quinine It is worth noting that the case* which beaune 
•febrile spontaneously were all cases of relapsing B T maUn* 

(2) Effects on Parasite Countr 

The average time required for the blood to become parasite free after 
Ac initiation of treatment was S days for both B T and M T case*. The 
shortest time required for sterilization was 4 day's and the longest II days, 
nhich applied to only one cate Thi* refers only to the asexual forms of the 
parasite and not to gamctocytcs which will be dealt with later 

It has already been pointed out that, for the first twelve cases under treat 
ratn h thin films became negative on the average m 3 7 day*. 

Of the ten untreated controls not one achieved a negatn e blood examination 
vntbin the 12 dav period of observation 

On the a\ crage m the sulphadtaxme treated cases the coupt began to show 
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a algmficant fill shortly after the beginning of treatment and thereafter m d 
cua with one exce pti on, declined steadily to tero The parante co unt* it 
the untreated contra la, on the other hind, tended to purine in irregular come 
until the di*c**e m controlled by quimne Sue of theie cna, if ter i jrt- 
Inmniry fill mi In tamed a fairly steady count throughout their count Tt» 
ca*e* ih owed a progretiive n*e followed by a gradual decline until pro 
quinine, while in another the count ro*e iteadfly from a krw value cmtil tk 
12th day when qumlne ffu given Only one ca»e ahowed a itcady and 
grew! re fall from an initial count of 3 600 pantile* per r. mm to 14 per cam 
on the 13th day when, unfortumtely quinmc wai admmatcred. 

Only one aulphodiaxmc treated caae — the exception mentioned ibove- 
waa encountered where it appeared poaaible that the parasite* may have beta 
proving reiratant to the drug In thia patient the count had remained cerates 
at between 3,500 and 4 000 per cram, for 10 days m a blood drug ccccentratm 
of between 9 and 10 mg per 100 c.c. The drug doaage was In cr ea te d battk 
count waa still 1,500 paraaite* per cjnm. with ■ blood drug level of 18 Bf 
per 100 cc. cm the Nth day A* ih-hici would have it, thia patient w** 
vxrtently given quuune at the critical juncture by an over realou* mining erdefy 
»o that no defimte conchmona can be drawn from hi* behaviour For ttn 
reaion the caae haa not been m cl tided In our aerie*. 




Quinine uauaHy produce* a rapid fall in the pyrexia aa well aa in the p*t*"*J 
count to a very low level in 48 hour* or le*a and complete clearing of the h*** 
of paraaite* withm 5 dayi aa compared with the average of 8 day* rtqtnivd &T 

auiphicharme. ^ 

The effect* of aulphithazme aa compared with tho*e of quimne cc 
circulating paraCitca are aummanxed m Graph IT and the appended tfiaf* 31 
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The ^r*ph shows the curve of fall of the parante count following sulphadiaxme 
the fall being indicated b> the average percentage decrease in the number of 
parasites from their initial value at the beginning of treatment for the first 
twelve cases. The curve is compared with that usually found m quinine 
treated cases and also with the curve produced by averaging the counts gi\*cn 
by our ten untreated controls This latter curve should not be regarded as 
anything more than a rough approximation to the truth since these cases not 
only displayed wide variation in their behaviour but parasite counts were not 
performed on them with the same regularity as on the treated ones. The curve 
does however convey some impression of the progress of the untreated cases 
and enables the other two to be seen in clearer perspective 


(3) Effects on the Asexual and Sexual stages of the Parastte 

It was hoped to gain some information on the mode of action of the drug 
fay observing whether or not the development of any stage of the life cvcfe 
of the parasite in man was inhibited m those patients under treatment. 

(а) Asexual ttages We have mentioned that, shortly after the beginning 
of treatment, the parasite count began to fall in the typical case and, thereafter 
continued to fall steadily to zero Throughout this period the regular asexual 
cycle was maintained and was w no wav different from that observed m the 
tame case before the foil occurred or m the untreated controls. <Yny inhibitory 
or lethal action of the drug might, therefore be due to action on either any 
one or all of the stages of the cycle. It is to be regretted that stress of work 
has so far prevented an> im estigation into the effects of the drug on malaria 
parasites tn vitro 

(б) Sexual stages The identification and counting of gametocytes of 
P vi vox m the thick film is a rather difficult and time-consuming task. Our 
observations on the sexual stage* were therefore, restricted to the gametocytes 
of P falciparum which presented no difficulty m these respects Three cases 
of fresh and two case* of relapsing M T ms 1 ana were treated with sulpha dianne 
The gametocytes appeared to be unaffected by the drug appearing at about the 
expected time and undergoing the normal!} expected rise and fall m one esse 
teaching a maximum count of 3 000 per c. mm during the course of treatment, 
in no case did gametocytes fail to appear Gametocytes were also noted m 
ihe blood of the majority of B T cases both fresh and relapsing and in the 
quartan case during the administration of aulphadiaxme. 


(4) Effects of Dosage other than Standard 
In view of the fact that sulphsdiaxme appeared to be tolerated well by our 
patient , it was decided to try the effect of a dosage higher than standard. 
■~ vcra l P^enta were given s maintenance dose of 2 grammes 4 hour!} instead 
of the usual one. In these esses blood drug level, of from 17 to 20 mg per 
100 c.c were recorded Incidentally 2Q mg per 100 c c is generally regarded 


** the ceding value which it is inadvisable to exceed We found that the 
response was not materially different from that produced b) the it ahri 
dojage. An attempt wxa alto made to reduce the dotage and a farther jrcn 
of paticntt received 2 gramme* 4 hourly for the firrt 24 hour* foOcwed by 
1 gramme 6-houriv Thete pauenta maintained a blood coocratratjcc at 
Q mg per 100 C.C. and again the response was the nme at that produced Ey 
the ttandard dotage except in the cate of one man whose blood lerel rocM 
cmly 7 5 mg per 100 c c. T7ua man subsequently impended rapidly nben b 
blood lei et was raised to 15 mg per 100 c.c. by increased dotage. It a potent 
that a concentration of between S and 9 mg per 100 c.c. is dote to the cnwl 
lower level necessary for effectiveness. 

(5) Tht Relaps* Rate 

A few of our case* under treatment with aulphadianne rdapted while tf3 
in hospital, often within a few dayi of the cetsation of trea tment. Thete ctff 
responded to a further course of the drug A few were terminated by qtn*** 
and these are not included in our aeries. Of the senes of twenty cisei treed 
with aulphadianne and aent to the Convalescent Depdt for observation, fife* 
— is 75 per cent.— relapsed within a period of 1 month from the cesaatjcod 
treatment The type of malaria with which these patients were infectrd *d 
the number of each type w htch relapsed are shown in the aceompanyrCf tilt 

Riuia Kira Aaicrto o tmmr Trm or Malawi 
TaaiTXD with Bcli-waix *xrxn 


T p€ .1 Cw 

Numb«t of Cases. 

Ni*obtr » htch Retapwd- 

RT (R> 

12 

• 

B-T (F) 

5 

a 

\LT (R) 

1 

l 

XLT (F) 

I 

0 

Quartan 

» 

0 

Total 

to 

19 


Thi* high relapse rate compares unfavourably with -that in a ^ 
fifteen similar cases who were treated by the standard Army method of 4 gram 30 
of qumjne, 1 5 grammes of atebnn and 0 15 gramme of plasm oqinne JF® 
over a period of 14 da)-*. These fifteen case* showed only one relapse 
a period of I month. The case previously mentioned who appeared 
resistant to sulpha dj same and whose disease \ras madvertenU) terminated 
quinine also received the standard Army treatment and relapsed 
month. He has not been included in the sene* of quinine treated c*™ 
however since he had previousl) had an in tenure course of another 
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(6) Erytkrocy tt Segmentation Rate in relation to tht Relapse Rate 
No correlation was found to exist between the E.S R and either the 
ment)' of the attach or the presence or jbscnce of relapse over the time of 
observation. Of the Eixteen cases which relapsed, the E.S R was normal in 
nme, doubtful — re abme-5 and below 8 mm. drop in 1 hour — in three, and 
was definitely raised in only four at the time of discharge from hospital. On 
the other hand of fourteen cases which had not relapsed after an average penod 
of 39 days from the time of discharge, the HSU was normal in eight, doubtful 
w two and in four was definite!) raised on leaving hospital These latter 
results, of course, have not the significance of our findings m the relapsed 
cases since the four cases with the increased E S R. may have relapsed at a 
later date. 

It must be emphasized that all E S.R. readings were corrected for anaemia. 

COMPLICATIONS OF TREATMENT 

Most patients tool: the drug without any gastro-intestinal disturbance. 
A few vomited at the outset, possibly owing largely to their fever but even 
these, with the help of an alkaline mixture absorbed sufficient to maintain a 
satisfactory blood concentration. It has been mentioned that the usual con- 
centration maintained was about 10 mg per 100 c.c and also that some patients 
reached a level of 20 mg per 100 c.c. on a higher dotage: The only com- 
plications met with, apart from the comparative!) unfmportant occurrence of 
vomiting in a few patients, were renal. Renal colic affected four patients 
In two of them hiematum also occurred but no crystals of the drug were 
identified m the urine It is noteworthy that only one case was affected m 
the month of February when the weather was cool, but that three occurred 
m ra Pid succession later on when the weather became hotter 

In view of the well known capacity of the sulphonamide group of drugs 
lor producing leucopema, white blood cell counts were performed on all cases 
at regular intervals throughout treatment. Malaria itself of coarse causes 
kucopenia but at no time during the investigation was a dangerously low 
white cell count referable to sulphadiaxine therapy observed- 

Discussion a.vd Summary 

Our primary object was to discover whether sulpha di nine was capal^ 
of replacing quinine or the other drugs commonly used in the treatmen r 
m new of a possible future shortage of quinine and of the fact Car 
•ulphcraanudea are relatively simple chemicals to manufacture Our 
aim vms to ascertain whether the new drug would be effective vn r: - r 
rclspses the occurrence of which is the chief imperfection of existing r— ^ 

°f malanal therapy In fact, the malaria problem today is largely tie- -- 
°f the relapsed cast 



204 


»rc-nn»i vis-ns ix nuwi 


Lastly and quite madentaUj we wished to find out the nine, if at, 
of the erythrocyte sedimentation rate u an indicator of the EVeB rocd 4 
relapse. 

A* ha* been mentioned, the variability m the natural history of in atnd 
of nulana render* the evaluation of treatment a somewhat complicated pfottra, 
eapecolly when the enquiry r* limited to a comparatively wmQ number 4 

care*. Ncverthele**, the following fact* emerged quite dearly from the HTTt& 

gations described firstly that, whereat the care* treated with aolpfeafe® 
had their blood cleared of parasites after an average period of 12 day* hoc 6t 
ooaet of thetr truck and of 8 days from the mi nation of treatment, «S & 
ten untreated control* had parasite* circulating after the tame lapse cf w*- 
The btest da> on which a treated care became pa route- free wa* the 174 h? 
of disease and the 12th day of treatment in coc care. Secondly wfc3e ifi At 
treated care* had parurtt free film* after 17 day* the cootrol care* who tta 
allowed to jo untreated for the *»rac period all h*d pa rati tea still present rt At 
end of it thirdly all the treated care*, with the ungle exception of ace TtJJ 
heavily infected JLT care who did rettje down later were afebrile bj £* 
13th day of attack while auc of the {en control* continued to run a bjt **■ 
perature after the aaroe intervaL 

It seems reasonable to conclude therefore that *ulph*diazme 4*tt aSi 
an ami mslanal effect but that it* effect on the temperature and m ek®** 
the peripheral blood ofsparasttes i* slower than that of quinrae or atebnn- a 
addition, it may be remarked that there finding* illustrate two potn a of pa- 
mount importance in an investigation auch a* tha firstly the mescal 
value of coo troll and, recondly the indispensable pan played by 
co-opera two and the ure of the thick film method of examination for par*^ 3 
in the management of malana. 

In ve*tigat)on into the relapre rate following »ulphadi aline treatment, 
(hough it wa* both in respect of length of time of observation and of the bos^® 
of case* observed, nude it dear that the dreg a inefficient a* a psrMt*sdf 
agent and that treatment by it came* a much higher relapre rate than 
combined treatment by qraiune, atebnn and plaamoquine. Tha fret **** 
rules oat it* urefubies* m the routine treatment of malaria. In addition to A* 
there a the tendency of the drug to produce renal complication*, cc mst&t* 
a serious disadvantage m an snti malanal remedy which, from its 
find* its maximum ure under tropical coadituma where it a difficult to p fC ' rt * 
concentration of the arme. 

Finally the failure of the erythrocyte sedimentation rate a* an tnd*** 
of the probability of relapre render* it worthies* as a guide in the ta a®** 05 *^ 
of malaria. _ 

It is already known that a tmall dore of certain member* of the aeq*^ 
amide rertea of drug* now in general use will cure the invariably fatal P 
infection of monkey*. The fact that that member of the sene* too** 
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»ulphidia 2 ine exert* a definite anti-malarial effect in the principal type* of 
plaimodud infection of man raises the hope that further chemical research 
may bring to fight a related compound which will prove to be more useful 
and miy help to reduce the liability to relapse which is the main failing of 
exating methods of malarial therapv 

Conclusions 

1 Sulphadiaxme has a definite anti malarial effect on the asexual stage* 
of the parasite in man. 

2. Its action it inferior to and slower than that of quinine and atebnn 
m controlling an attack of malaria. 

3 Treatment with sulphadiaxme carries a much higher relapse rate than 
does combined treatment with quinine atebnn and plasmoqmne. 

4 Sulphadiaxme is inert against the gametocytes of P faJaparum and 
probably also against those of P vwax 

5 The corrected erythrocyte sedimentation rate (E S-R-) is of no value in 
waeasmg the probability of relapse after treatment in malaria. 
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ANAEMIA ASSOCIATED WITH THE SICKLE CELL TRAIT 
IN BRITISH WEST AFRICAN NATIVES 

BY 

It WINSTON EVANS major, slam.cS 
Pathologist, West African Military Hospital. 


The term sicklaemia or Rickie cell trait, is applied to those persons whose 
sealed blood cells exhibit tickling on standing from several to 36 hours, but 
who show no evidence of a haemolytic anaemia Latent sickle cell anaemia is 
a condition occurring in stckltenuc persons who present indefinite blood 
changes and few haematological signs and symptoms but who give a history 
suggestive of attacks of acute haemolytic crises Conditions converting the 
tickle cell trait into the active anaemia are said to be local or general anoxaemia, 
acute tone conditions trauma and other factors causing blood loss and slowing 
of the blood stream. Whitby and Britton (1942) list the following symptoms 
at likely to occur in sickle cell anaemia weakness, dyspnoea, dizziness vomit 
mg epigastric pain splenic pain, symptoms of heart disease and pain in joints 
and muscles Various authors describe the following signs as commonly 
occurring ulceration of legs general enlargement of lymph glands yellow 
tclerae or conjunctival jaundice enlargement of liver and spleen oedema of 
leg*, low blood pressure, cardiac hypertrophy and cerebral necrosis. In a 
population a large percentage of which is afflicted with yaws helminthic infesta- 
tions, chrome malaria blackwater fever dysentery and dietary deficiency 
diseases it is by no mean* always easy to evaluate symptoms, and it is wise 
'o exercise caution in attributing to active aicklanaemcs a legion of signs and 
•ymptoms that may be found in a patient who exhibits ncklaemia with an 
•naetnia It is considered that the only signs and symptom* that should be 
definitely attributed to active sicklsnaemia are those anting as a result of the 
thrombosis haemorrhage and necrosis which are features of the disease. Such 
ngns and symptoms may naturally involve any organ, bat in my experience 
none was affected with sufficient regularity to produce a characteristic picture. 

J very much indebted to Lt- CoL J C Leedham-Gkein, f r .cx, ilaxlcl, 
u Surgical Division for hi* surgical opinion and help in the preparation of thu paper 
apedaDy for performing the apleoectomy in Caae A 

My thank* are due to Ll-CoL W M. MacN aught ilaxlc-, and Major R. M. Murray 
DTOn XA^Ltx, for allowing »cce*a to patient* and notea of the Medical Din non. 
ft 1 if™ to Bngadier R. A. Hrjtlr, O.B-K. h.C. DDAU. West Africa, and 

n * m dicr G M. Fixdlat CJi, for their mtereat m thia common! catron. 
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The problem of diagnotu of nckle cell inacrmi u further crm phairi 
bv the high incidence of the sickle cell trait among West Afncan oztnet. h 
a preriou* communication (Evax* 1944) it was pointed out that the &* 
could be demorutnted m 15 5 per cent, of fit male natives and in 25 per cn*. 
of men admitted to hospital suffering from various acute and chronic dban 
In this paper eight cases of anaerma associated with ncklicnui are deacriW 
to illustrate the difficulties that may occur in the diagnosis of nckle cell traca a, 
and the importance of other diseases m precipitating attacks of nckle cd 
haemolytic crises. The case reports have been grouped under two heading - 

Group I Anaemias in which a cauae other than eddsemh redd be 
demonstrated. 

Group II Siddanacma m patients suffering from acute tone concSooa. 

I have given a separate commentary on the case or ocarroat a 

each group. 

Gaotie I 

A. MEOALOflLAftlC (NUTTOTIONAL TTTE) ANAEMIA IN PATIENTS 1HOWDX 
the hckl* cell nurr 

Caw 1 

Pte. 8 hL, a Gtmboo, »ffrd 15 y ear s, was admitted to hoapital on 1 1 -I 42 • 

atmpU fracture of ths fifth metatarsal bone, dua to a alight injury 43 hours prrriocK, 
when an empty petrol tin had fallen on hit foot. Ha was thin and of poor phy»S» ^ 
gava no hittory of prttKtil Illnesa. 

Temperature 103* F., pula* 100 Oedema of dorsum of foot and tenderness * rr i* 
fifth naetstaraaL T-rsy confirmed fractura in good position and abowed no avato* * 
boo* disesae. During tha nest few days the oedema increased and an abacasa 
with necroaia of the underlying akin. An kusaioo was made and the na cr otsc akin 
mealing a grayish necrotic floor and foul-smcOinc thin and sanguinoui dwchuT*- ^ 
9 days after tdmianoo bis atneia l condhioc deteriorated. Hb tempersturs A** 01 *? 
between 100 and 105* F Hal cofyunclrrsa srers jaundiced and hit tplcen enlsrfni- B* 
urine was dark ki colour and showed a cloud of afbunnn. At thU time hit hlood i*** 
sraa as follows — 

P tr ip fter mI Dl ti J . — R.B C.. 1,2-40 000 c«Ds per cjnra. haernoglobsn, 30 per «*• 
W.B C. 39 000 crib per cjnm. colour Index, 1 -4 polymorphonuclear*, 54 -4 per a* 
lymphocytes, 24-6 per cat. m ono c ytes, 5-6 per cent. e uai u up hfla, 5*4 par crat 
myslocytra, 3 2 par cent , metamyelocytes, 5 2 per cent. plasms eeOa, CM f*r *** 
Red ceila abemed marVsd enisoeytoas* w i th megsJocyt**. 

Biddlng wa» demonstrated ix rtfn and im chm Malaria parasites srero nX fcoss s 
♦tdcA films 

Sttntal Bo*t Marrsso — Poljrmorphonuciesi*. 26-0 par cent, lymphocytes, OIK 
cent, monocytes, 0 -A per cent, eoirmophih, 1 2 per cent, myeloblasts, 1 -0 per e®* 
myelocytes, 0-0 per c e nt , met am yelocytes, 10 per cent, plasma cells, 0-8 per 
proerythroblast*, 10-4 per cent. megslob lasts type A, 21 3 per cent. , 
typa B, 7 2 per cent, megaloblasts type C, 3-4 per cant, noernoblasts all tyr*A 
cant A lagataryocyris present. Ratio of rrryaload ceOa to nucleated red ctlh, 3 1 
interwclT hyperplastic and rnegsloblaata replaced tbe> usual series of nortnofab **- u 

A tmgnoais of megslob bnlic anaemia (prkrtary dietetic deficiency typa) wwh 
was made and the patient was put on to hear extract and marmxte by mtwth- 

— — 

AD haemoglobin percentages arc wotked out on tht bsyn that 100 par cbm. 
equal* 14 5 g ramm es Hb per cent. 
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After 9 day* of this treatment ha general condition h»d Improved and he wxs no 
kmger compUnxmg of paxn in hu foot. Hu spleen mu no longer palpable. After another 
10 day* the ul cer thmved healthy granulation tissue and wn healing m at the edge*. At 
thn tone hi* blood picture was a* foil cm** • — • 

Peripheral Blood, — R_B C., 3 190 000 cell* per exam, haemoglobin, 63 per cent. 
WJfC., 7 000 celii per cjnm. colour index, 1 -0 

Sternal Bette Alarm v — The interne hypcrpLui* had disappeared and a normal *ene* 
of normoblastic developmental form* had replaced the megaloblastic aerie*. 

For the next 14 day* the patient * dose of irver and marmite were madrerrently stopped, 
and at the end of thi* tone htf general condition had deteriorated a* had alao the ulcer 
which had lost it* former healthy appearance, discharged a thm watery exudate and showed 
aa further *tgn of healing On resumption of hrer extract and marmite he again improved 
rapidly and 10 day* later wax dacharged from hospital when hu peripheral blood count 
xm R.B C 4 400 000 per curtm. haemogiotun 81 per cent. W.B.C., 8 000 per 
cjTtm. colour index, 0 9 

Six month* after discharge he was itfll well and serving as a soldier 
Caee 2. 

Pte, J B., ■ Gambian aged 32 year*, was sent to hoxpjtal on 3.9 42 aa a case of acute 
oatetanydrtn of the right tibia of 2 day* duration without any history of injury He com- 
plained of pam and w*» acutely tender over the middle third of the shaft of the right tibia. 
There wax some local oedema. Ha temperature wa* 103 F poise 115 8km hot and dry 
coojuncrivac slightly- ictenc no palpable enlargement of fiver or apleen A diagnosis 
of scute osteomyelitis was considered to be unlikely ss in spite of the exqumfte local 
tend erne** the patient allowed paaxive movement* of all the joints of the affected lunb 
ind percussion of the heel against the tibia without exp resting the least resentment- Further 
mvestiga toons were then earned out Urine, dear dark amber colour albumin a trace 
no bile, no cells, no caxtx, no Lepiotptra teterohaemorekaiioe on dark ground illummanon 
of sediment. Blood film* negative for mslan* parasites Cerebrospinal fluid dear and 
colourless without dot, containing one lympbocyto per cunm. globulin negative, culture 
sterile. Blood culture sterile after 72 hours incubation. 

Peripheral Blood. — R.B C-, 3 800 000 per cunm. haemoglobin, 75 pier cent W B C., 
20 000 per cunm. colour mdex 0-98 polymorphonuclear*, 79 5 per cent, lympho- 
cytes, 11-0 pier cent, monocytes 8-0 per cent, myelocyte*, 0 5 per cent. mrUmyelo- 
cytes, 1*0 per cent. 

Red cell* were *hown to sickle tm vitro 

Three day* later the Jaundice of the conjunctiva was mote pronounced and a second 
blood count showed R.B C- 3,200 000 per exam. haemoglobin, 62 per cent. W .B C., 

17 000 per cjnm. colour mdex, 0-98. 

Fmeett — Normal m colour and repeated examination for hehnmth cv* w e r e negative. 
, poetnc Jtace — Fasting juice showed no free HCJ sod no organic sad juice after 
* icD * x, l »bowed no free sad. 

K*s sternal bone marrow showed much hyperplasia with 10 per cent. megaJob last*, 

* diagnosis of megaloblastic anaemia with sicklaemu was made. Lever extract and 
™^>te were exhibited by mouth and Ins steady un piovmi cnt on rim treatment was 
m successive blood counts On discharge from hospital on 20 10 42 ha pen 
£Tr** Hood count was R3 Ch, 4,850 000 per cunm. haemoglobin, 96 per cenL W.B.C. 
oUTO per cjnm. 

Commentary 

The importance of these two cases lies w the fact that but for stem*! 
bone marrow examination the underlying megaloblastic anaemia would not 
have been discovered and the} would have been diagnoeed aa classical sickle 

anaemias for apart from the sick] mg of the red cells, they presented those 
wgm and symptoms which are described as occurring m that disease, vta 
^2 ulcer bone pains, fever jaundice, splenomegaly, leucocytoaia and dirk 
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coloured untie. These signs snd symptoms may of count hare bttn ii 
to suAEng 1 a rrro caused by the anoxia produced primarily by the tncgibfcfaQ: 
tnaenua. The success churned for hver therapy in some cuct of edfc cd 
itratima may well be due to failure to distinguish between »ckk cell c*a 
and a megilobUitic wuotu associated with ucUaerma. Although true Deph- 
blasts have been reported to occur m »ckie cell anaemia (Died and Bar, 
1939) I prefer to regard these cases in which inch cdls are found n menra 
of a Irver pnnapk defective tjpe of anaemia. 

For the purposes of clarity it u pointed out that the cells here doenhi 
as megalobUsts are cells with an open reticular nuclear structure, oceans? 
m the bone marrow only m pernicious and other allied liver principle dcfxcv 
types of anaemia. The large early haemoglobjmzed cell with a well patwtd 
coarse nuclear structure often seen in haemolytic anaemias and tn conduct 
of prolonged blood loss is regarded as a modified normoblast. The ebaafc®* 
adopted is that of Israels (1941). 

No Kahn test iris done in either of these patients but in the fjh ^ 
subsequent experience I am of the opinion that a concomitant ym mho® 
was responsible for the two features of leg ulceration and bone pams. 

I was working in a community among whom ulceration of the Ifp ** 
common, m almost every case where ulceration associated with the ridk 
trait was investigated, yaws prmed to be the aetlological factor and no pa* 
incidence of leg ulceration was found among those who shoved the writ* 
tralL 

n irrporLArnc a.vadjm associated with tub sickle cell trait 

Cta* 5 

Pte Cham, a G sm bun teed 24 years, reported Cot dental treatment on 15 - 5 - CL k 
c atm marioo be was found to hire ulcerative gtoxivitis associated with is eflmf tf 
round tba an*k of the jaw The ukcrstioo rtepooded to treatment (chrome 
hjifioftti permsdej and he was cSacAarged on 18J 42. A « eek kter bo re ruined toL*** 
and re-tswntntion tha animal ulctr was found to b* m approximately tfa* «*** ^ 
ditjen as when bs fini reported foe t reatro e nt - Ho was again trea ted with cfar****? 
and h y d iuyu pemstda. The ulceration spread rapidly despite treatment rrauftto* 
tn complete tnsmua. 

Ha was admitted to borprtal as an in-patient on 25.5 42 owfetf to the noocaaiit*^ 
of anaemia. There wu tenderness over tha nba and stemum on perenaskxi and 
jvttctmm were jaundiced, otherwise physical examination was negative. Tb* 
the case was one of steady detenoratioc with oo* short rtm-ssson fotkrw wj a air ^ 

fosson. 

fwtnogattan 

Bk»d C* W.—3IU2 fLB.C. 1,340000 per tunnv haemo*loWn, 

W.B.C- 2,000 per c_mm- cotour indax I 1 po/ytrioiphaiui dears, 18-5 pet 
lymphocytes, 64 5 per cent, monocytes, IS 6 per cent. aoaioophfli, 3-0 pet 
bssoptah, 0-5 net cent 

Swfclmt <* the red crU* was demonstrated « t4tro. 

BWW-A6 42 ILBX., 1,560,000 per carom haemoffchio, S > 

W-B.C 600 per urn colour index, Lf* Polymorphs, 8-0 par cant. 

88-5 pet cent. monocyte*, 3 5 per cent, eoamopha*. 1-5 per cent. pl*«w 
per cent. 
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Sternal Bo*t Mama — 2.6.42 Polymorphonuclear*. 4 per cent lymphocyte*, 

28 5 per cent, monocyte*, 2 5 per cent comnophU* I 2o per cent. myeloblast*, nil 
myelocyte*. 1 5 per cent, metamyelocyte*. 6 7^ per cent, proerythroblast*, l 25 per 
cent. normoblasts type A, 8-0 per cent, normoblast* tvpe B 26*0 per cent, normo- 
blast* type C, 20 75 per cent. mcjfaloblaft* nil. 

Total nucleated cell count was only 13 000 per cm 

A -ray Chert — Lung field* clear 

Faeces — ho amoebae and no helminth ova. 

Blood Smears — No protoxoal or helminth parasites. 

Swmnary cf Autopty- FtmSngr —Marked emaaatton. Conjunctiva e jaundiced. Necro- 
tic ulcerative lesxn* of mouth upper and lower gums, faucet and palate Scattered 
petechial haemorrhage* Liver normal m me on section pale with focal necrobc change* 
Spleen normal m nze on jection pale with much mere*** in fibrous t»a*ue Lungs 
hypostatic corigertron. Brain pale and showing early cerebral *oftenmg Other organs 
nil abnormal demonstrated. 

Commentary 

Thu case i* of interest on account of the hypoplastic condition of the bone 
marrow as revealed by sternal puncture, and the failure to respond to treat- 
ment It was not possible to investigate an} causative factors in the production 
of the bone marrow hypoplasia certs ml} none of the usual potentially toxic 
drugs, benzol, radio-active substances, arsenic sulpha pyridine etc had been 
exhibited to my knowledge 

Although sickling of the red cells was demonstrated m vitro and m ettw 
this was not considered to be a case of sickle cell anaemia, but an instance of 
hypoplastic anaemia associated with sickkemia. It may of course be argued 
that this is an example of sickle cell anaemia terminating in an aplastic phase. 
Apart from the necrotic lesions due to the bone marrow aplasia, the thrombotic 
tendency of the sickle cells formed as the result of the anoxia contributed largel) 
to the widespread capillary thrombosis and associated necrosis of the cerebrum 
and other organs 

C ANAEMIA WITH 8ICKLAEMIA IN HOOKWORM INFESTATION 
Cast 4 

Pte. Ch. about 32 year* old, a native of tbe Cameroon*, was admitted on 28 8 42 
arffmng from ulcerative gingmtt*. A* a routine he wa* texted for atc&Un# and this was 
found to occur A complete dim cal and hseros tologscsl investigation followed. It wax 
PBp°**ble to oh tarn any history of previous iBne** from him a* he spo&e very* little English, 
“h aderotic* were » lightly pigmented and ha spleen wa* easily palpable one finger’* 
below the costal margin. 

Picture — RJB C 3 100 000 per camn. haemoglobin, 99 per cent, colour 
* 1 WBC, 5.2SX! per com. polymorphonuclear* 40 per cent, lymphocytes 
3 ' cent, monocytes, 9 per cent eosinophils, 1 4 per cent. 

Sttmal Bom Mmrro tr — Polymorphonuclear* 40 per cent. lymphocyte*. 4 per cent. 

DX *»cyte* 2 per cent, myeloblast* 0-6 per cent- eosinophils 5-4 per cent, neutrophil 
myelocyte* 8-4 per cent, eosinophilic myelocytes, 2 2 per cent, neutrophil metamyelo- 
c T tc * >3*8 per cent, eourvophibc rstetamyelocvte*, 2-6 per cent. plasm* cells, 0*4 per 
****** P roerythrobl»t», 0-6 per cent normoblast* type A, 0-6 per cent, normoblast* 
° 5 2 per cent, normoblast* type C 13-4 per cent, megaloblsxt* nil. Rabo of 
®T*loKi cell* to nucleated red cell*, t 3 Bone marrow moderately hyperplastic and 
•owed *ome upaet of normoblast*: hyperplasia indicated by the production of large earfy 
^ainophlUc forms. 
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• icru: cell Ajunn- 


No malaria p*r**he* were found in either penphertl blood or boo* mimr w 
Marmrte therapy wa* commenced on 12-9 12. Rr thr» tkn* hi* dentil ctndxica t» 

OJTS 42 blood ex*mirt*t»aa *howed RJJ.C-, 3 400,000 per errm faaaonfala 
72 per cctl colour Index, 1 -CO V. 3 -CL, 5 000 polymorphonuclear*, 34 per am 
lymphocyte 305 per cmt. rocwocyte ^ per cent. eoamophfl*, 23-3 per m 

Hu eocrtopHflu *u explained by the demonatration of ankyVntom* err* m fa* rut 
A pre-opeiitire can» of 3,000 mj of isanbic tad wn p-rm and *040000*7 pr- 
formed cn 17 10 42. 

The *pteen "n enlarged, duk purple in colour and firm. The *urf*ce wn wed 
and free from *dhe*ion*. Tht cut aurface thawed no infarct*. Tber* w m *cme ttwiran 
of the eapaule end tr»hecul*« and t modmU amount of fibroth with *n»Il ntn d ao 
tettrxv *x*i haemocthace *c*rteted throughout the ofgxn. 

/fmofojtraf Ftmtmrtt , — Comtdmhle 6bro«n and iuiero*rt with Wen* byilnweo 
of the fibrmn time*. Advanced *dcrtl change* of ecaseli. Retjcultr tfUKX* foe tb* » 
part empty MalptffhttB bodie* dutortrd, the ctpilltrw* dilated *r*i tht co rp-ntuti r cJ 
widely *ep*T»ted. Cotmmie* aurrounded by xooea of haem orr ha ge. Splenic pulp an 
pm»l and packed with atcUc cella. 

Thera were no knmedttte poat-operztbra ccanpDaowo*. Su cceaahe Wood c Mff 
after eperatjon prr the foOowtrrc reaulta • — 

11 10 42. — RjhC 4 100 000 pet exam, haeroosVibin, 90 per cent, colcur Wa 
I 1 14.B.C 9/300 per cmm. pol y mot p booudem. 50 per cent. lymphocyte* *4' 
per cent- monocyte* 10-5 per cent, eaemophilz, IS per cent- So trudera pane* 
found 


2.U 42.— R.B C_, 4 700 000 per cxnm- , haemoglobin, 61 per cant, enkur kdn 
Mfi W -B-C-. 5 600 per c-mm. polymorphonuclear*, 43 per cent- hTtrpbncytrt, F 5 
per cent. monocyte*. 113 per cent- eoainophD*. 18 per cmt- No malar!* jww* 1 


18 11 41.— JLB.C, 4300 000 per c-mm. h*mK«tobin. 62 par cent, colour fed* 
0-8 W.R.C.. 8 000 per c_n*n. polymorphonuclear*. 51 5 per cent. tympf**T g *’ T. 

per cent, monocyte*. 10 pet cent. totnvrphdt. 18 par cent- No malani pw*** 
aeen. Ratjculoeytr*, 4 3 per cent. 

He ara* discharged to hi* amt on 23 II 42. 

He repotted to the hospital for • “ fcilow-up " blood count on 12.11.42. AK**’ 
be appeared to be m food health hi* temperature *raa found to b* 103 F and fc* ** 
readmitted. A blood film aherwed malaria paruite * including all the dereloproerffld v* 
of P faldtmrm. 

BiooJ Ccrnns . — R.B (X, 4 500 000 cell* per cjren. haemoglobm, 93 par cant- 
ndo. 1-0 V* R.C-. S£Q0 per c-uwu. polytnocphortuckar*, 23 5 per cent, tTHstoV 0, 
96-0 per cent, monoertea, 31 3 per cent, eoabwpbfl*, 0 per cent 

He was treated wnh intrarmou* qurrdna to wh*ch he responded r*p*dlr W* 
tore betnc normal 2 hour* later end remaining *0 tmtfl he wa* dbcbtrgad fnra 
10 d*T» UJtr Only or* m>eetjo*i of quinta* waa given of grain* % and thle wa* W*'** 


by quinine giam* x by mouth txLa. 

Ha aru adnutted to boapttml with • *emnd attnek of tnaiam on 9 J 43 when d.- 1 ^ 
mental form* of P /aJapancra arera onca more found In great number*. At tfd* 
blood count area R-B CL, 4,200 000 par enm, Hb-. 85 per cent-, VTB.C, 
cxran- polymorphonuclear*, 80-5 per cent, ly mp hocyte*. 20 per cant, tacaw" 
8 5 per cent, cownophih, 8 per cent. He ac*m te*po»vd*d rap^h to quinine. 

One month later be came into hoaphal wnh chrckanpox whan ma blood 
R.B.C-, 4,700 000 per c-irtm. Hh. 92 per cent. VT.B.C-, 8 000 per cmm. pofT 1 **^ 
nuclear*. 50 per cent, lymphocyta*, 19*5 per cent, monocyte*, 12 5 per ca*«. 
pbil*. 12 per caoL 


Cowmtnlary . 

De*prt* ha bookworm mfemtton tha man a blood picture w*i 0 °**??** 
of xn an* rm j* entirely due to hookworm, xnd it to concluded th*i 
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of the erythrocytes was responsible for his condition The response of his 
aruerm* to splenectomy was rapid and sustained over a period of 8 months, 
during which time no haema times were exhibited. No specific treatment for 
his hookworm infestation was undertaken. 

Histological!), his spleen shotted the characteristic stuffing of the splcntc 
pulp with sickle cells and haemorrhages around the Malpighian bodies 

Although at the time I thought that this case was primarily an instance 
of sicklinaemis complicated by bookworm infestation, I am now of the opinion 
that this man s anaemia was of a heterogeneous vanet) a macrocytic hypo- 
chromic anaemia due to hookworm infestation and a dietary deficiency (dual 
or dimorphic anaemia Trowell, 1943) with the addition of sicklaemia This 
conclusion is based mainly on the absence of a neutrophil Ieucocytosis and of 
conjunctival jaundice. 

The mam feature of his post-operative attacks of malana was a fever 
accompanied by hardly any constitutional disturbances, in spite of blood films 
which showed a large number of malignant tertian malana parasites, including 
developmental forms. His response to quinine was on each occasion rapid 
tnd dramatic. Since there is considerable evidence that qumine itself is a factor 
m the precipitation of blackwater fever in Europeans and Africans, it is of 
interest to note that despite the combination of malignant tertian malana 
sickling of the red cells and the exhibition of quinine, he did not develop 
haemoglobmuna. His frequent post-operative attacks of malaria with an 
excessive number of malana parasites m the pcnpheral blood illustrates the 
essential part pla)ed by the spleen m the suppression of malana 

Group II 

SICKLAEMIA If* ACUTE TOXIC CONDITIONS 
Cast 5 

, Richa, a native of the Cameroon*, aged 18 year*, was admitted to a casualty 

«sxing station on 2. 1 1 42, with delirium and photophobia. He was found to have head 
and a positive Kemig His cocrjunctivse w e r e oedematoua. Turbid C.S F 
h° was given sulphapyndme by mouth. A second him bar puncture 
, showed the fluid less turbid. On 6 1 1 42 he was transferred to hospital. By 
be had had 30 grammes of sulphapyndme On admission be appeared very 1U 
Temperature 97-0* F conjuoctrvee oedematous and injected. Photo- 
nTT ™ tense. Towards ev en ing he became restless and notay Lumbar puncture 
V* ^ hnbid and red tinged with a blood stained clot cell count (approx im ate only 
P 10 c * ot ) r^d c ell s, 2350 per tmm. leucocytes, 130 per emm, u. ratio of white 
us increased the red cells were sickle cells leucocytes were polymorphonuclear*, 
P« cenL, monocytes and lymphocytes, 2 per cent, culture sterile. 

— R~B C-, 2,450 000 per cjnm. haemogfobin, 55 per cent. colour 
W3C. 24 000 per cjnm. polymorphonudeara, 80 5 per cent, lympbo- 
Jvj’ SO per cent. monocytes, 9 5 per cent eosinophil*, 1 per cent. myelocyte*, 
m rt * m yd<XT t es, 0 5 per cent. Six nucleated red cells per one leucocyte, 
tijonty of immature red cells were normoblasts type C with one or two normoblasts 
Q Much arusocytosis. Sicklmg in vitro and in rrvo demonstrated. 

■5 Ur mu Bon* Alajrun — Polymorphonuclear*, 12*4 per cent- lymphocyte*, 3-0 per 
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cent. tnooocTtct, M per cent, eovfitophda, (h6 per cent. ttrjvloblait*, <H pereea. 
myelocyte*, 5-8 per cent. lu et on y el ocytra, 8 2 per cent, proerythroblast*, Jd peran 
ncvmobtat* type A, 7 2 per cent, noemablttt* type H, 2 Off per cent irr &■).!* 
type C, 32 2 per cent megsJoblaats, n3 plasm* crib, 2 2 per cent, raeyilcrwye 
fM per cent Bcor marrow showed intense norsxblutic bypcrplasls with aotnxm 
of the large early eoaioophiLc type FUtjo of myeloid cell* to mwdeated ted ctSs, • C 

l a dm Berjk Rmctim — \\ eak direct *»d Indirect reaction i. Smn bttruie 
l 5 m* per cent 

Hu ton port rare whxh had risen won after sdimatioo pensted at ■ lord d fee 
102* to ICQ* F On 18.12.42 be became rottlot* cod imtable and senuccraarm B 
developed bilateral ophthalmoplegia end died the next day 

Smwmm tr y •/ AmJvpjy Report 

Body wetted. Coeijunetrrwe jaundiced- Horn nomaL Lunp congested. Tiy* 1 
•trprarenib end fnrujttry normal 72 k spleen coruBtrd of two dark fibrode wrxih 

rzmaae*, each aboat the ear of e walmit the nm mame* m era connected by t deem ho 

of adhesion*. Stomach and inttalmci oottzmL Urer slightly enlarged. pair «j *c» 
•nd yrlkrw » tuned. Kidney* wruH and ci*H, - otnl Brain cmrohttkxn fltnnd 
Mmirrce* congested. Two small patches of ( rcci m fa exodite i Inch m dwrnrtrt n 
the rrtbt hemnphere new mdlmc other small patches of exodate oxer tba fronltl fch* 
■loo i both Syfrian fitaurea, over the optic thalsmi. and orer tba up per turfaes d 6 
right cere b e Rim lateral wntride* (lightly dilated The cerebral cortex shewed 
aoftenmg. especially of the right A thrombus waa present m the ca iemo u * *o® * 
both sides. Smear* of the rxudat# ahow rd mimerous pofymorpfionnelearx, wxory ly* 
phocyte* and monocytes, and numerous Gam pemthe diplococd with the morpiwtap 3 
character* of the pnetwnococcua. 

Samaaafy mf Ihilolftcal Reports 

Ctrtbntm CapHlanea engorged and plugged with ag glu t inate d tacklt crib- f°' 
vascular nrcroai* assodsfrd with the thrombosed capillaries and some batmcftrrt 
Perivascular infihrataoo with inflarrsnatory crU« abaent in a few areas a fin * r****^ 1 
mfiltratioc. Sdeuxic changes wtth hyalinitat»oo sean m walls of many Teaacli. #*** 
Capaule thickened and hyalmned. Splenic architedarc laat and replaced by dept* 03 
fibrous tissue. Malpighian bodies transformed wito bysDne whorl* of fibttsrt 
coctamaag a centrally placed vessel with narrow hrmen and wwD* showing advanced 
change*. Splenic pulp co mp r et ard and c o m posed of a rnas a of reticulum pseto” 
sickle exfla, round cell# and piaaroa ceCs. Giant cefli cutta firing ptgmmt ***'*' 
th mugb wjt the a triyluc pulp 


CotrmnlMrj 

I beCevr tins case to be an example of latent sickle cell anaom* f^" 
apt ta ted into an active phase by the toxaemia reaultmg from poena 00 *** 
meningitis. This led to focal necrorn and haemorrhage of the cerebrot**®* 
to a cartmoirt amua thromboau. Many lesion* and disorder* of the cc -~7 
nervrros system hare been attributed to tickle cell anaemia. These as&* 
thrombosis of the dural renoio sinuses and pial \tms, hartnorrhagK 
cerebral necrosis, haemorrhage into the subarachnoid apace, and b«*7**' 
and convulsions (Walk* and MraniT 1941 Budqd 1939) Thear **** 
are beDeyed to result from the thrombotic tendency of sickle cells. j 

The small hard nodular shrunken dull grey spleen boned m * 
fibrooa adhesions is certainly a characteristic finding in a patient that b*» “ 
through several attacks of active ai c kl an a em ia (Dioct, 1935). 
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Case 6 

Spr AeanNI a Nigenan soldier aged 20 year*, wu admitted to hospital on 20 10 42. 
Hu only complaint wa* of ferer of one day * duration Temperature, 104 *8° F confused 
and irritable Cheat sign* of bronchitis Lumbar puncture opalescent blood tinged 
fluid not under pressure 40 lymphocytes per cunm. R.B C., 2,200 per cunm. chloride* 
750 mg per cent. globulin, a faint trace culture, sterile. Abdomen liver and apleen 
enlarged. 

The patient wu put on to sulpbspyndmc of which he wu green a total of 22 gramme* 
The drug was dtacontmued on 31 10 42. By this tune hi* condition had improved. Hi* 
temperature wu no rmal in the morning* but rtill showed a me to 101 to 103 F at night. 
He became « lightly jaundiced. For the next few day* hi* general condition remained much 
the aame apart from acme deepening of hi* jaundice. 

On 3 II 42 ha evening temperature rose to 105-6° F and it wu noticed that hr* 
abdomen was distended and that there wta an appreciable enlargement of hi* liver and 
*pleen. 

On 5 11 42 his evening temperature wu still up to 105-6° F Very drowsy and con 
fused, and complaining of thlrat and headache Liver and spleen still further enlarged 

On 5 1142 he died 

Investigations. 

ZJrtue — 28 10 42. Few leucocyte* and scanty red cell*. No ova, do cast*. Culture 
sterile 

Farces — Soft, dark, containing a few red cell* and leucocyte*. No amoebae or 
amoebic cy*t* No pathogen* isolated on aerobic culture 

Blood . — 7 11 42. R.B C. 3 200 000 per cmm. haemoglobin 66 per cent, colour 
mdei, 1-0 W.B.C. 10 000 per cunm. polymorphonuclear*, 66 per cent, lymphocyte* 
16 per cent, monocyte*, 14 per cent. eosinophils, 2 5 per cent. metamyelocytes, 
1 5 per cent. 

Classical nciling of over 70 per cent of the erythrocyte*. 

No malart* parasite* found tn thick or thin smear*. 

Summary of Autopry Findings 

Body of wasted adult Con junctrvae jaundiced- Cardro-vaxcular *y*tcm, no abnoimal- 
, tty Hypostatic congestion of lung*, liver enlarged to 31 inches below costal margin, 
capaule under tension on section, pale yellow-stained tissue showing early fatty degenera 
, bve change* no evidence of amoebic hepatitis. Stomach and amall mtestmea normal 
i m sppeartnee Large mteatme do congestion, ulceration or other abnormality found 
sSectiog the caecum, ascending colon descending colon or rectum the transverse colon 
m the region of the splenic flexure wu firmly adherent to the spleen and a perforated 
c ^* n ly punched'txit ulcer approximately 1 men m diameter wu found the edge* of the 
tdeer presented no macroscopic sign of active inflammation and were not indurated. This 
CWnmumc * te ^ directly with the splenic pulp which wu necrotic. No evidence wa* 
9^ a leak into the peritoneal cavity Spleen — Enlarged five time* and wa* of a peculiar 
* t P*^ CTX ada l shape, firmly adherent by dense band* of fibrtwa tissue to the adjacent viscera 
i es pecially to the splenic flexure of the colon, and to the parietal peritoneum. Section 
ibCTwcd that the ulcer communicated directly with the splenic pulp which wa* colbquilive 
f nec rotic, and of a foamy and poriferous appearance. Microscopic examination of the 

,) necrotic material revealed no amoebae Central Nervous System . — Meninges congested 
no exudate, cut section of brain showed focal capillary congestion. 

< Summary of Histological Findings 

< S pleen . — Intensely congested with multiple infarcts, spreading oedema, colliquitive 
^c<J od* and gaseous emphysema. Artenole* showed advanced sclerotic changes. Reticn 

g> cr eased and pulp packed with sickle cells and nec r o ti c phagocyte*. One large 
' communicating directly with lumen of colon muscular layer* of gut gummed to 

t c *P* u I e by fibrous tiWue. Colon — Nctn-apecific changes surrounding ulcer No 

eiidmct of amoebiart* or tuberculosa. 
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Commentary 

Thu min hid i mcnmgitu the toxaemu of 'which preapitited i edi 
cell emu. 

It U difficult to explain the rncchmnm that led to the formation d it 
intettmal ulcer and to m subsequent perforation Into the spleen. EchTgcae* 
of the spleen may hire occurred daring i tickle cell crim with mfiattj* 
the tdjicertt part of the gut then becoming adherent to the patch of pcmpfcffiH 
Thrombcwu due to impaction of agglutinated aickle cells in the capttttna rf 
thu region of the gut earning ulceration with subsequent perforauon into it 
•picnic infarct would then account for the necrotn of the spleen. The pcDcW 
out character of the ulcer suggest* a vascular cause, either thrombosu or ip**, 
leading to necrosis. 

No amoebae were found m the faeces or m the necrotic material cl 
ipieen, and no evidence of amoebic ulceration of the gut was found at sotopw 


Ft*. S II., m Gambian, «a* admitted tn hospital <ai R.4 42 with tablet ml hffttd 
abrasion* of both feet. A forTnight Liter he devtioperj a pyomyoeit: l* la the 
left axilla and bit temperature rrwe to J01 F Four weeks later he developed hseirrtV 
biroina »hieh ws* preceded by « rr*oe and ■ sudden ri** in temperature. T 
hours Uter h* bersme Jaundiced and vomited coffee around material. H» #•* 
at thv* time was enlarged 1 1 mche* below th# costal margin. The trrv w sal <1*^ t* 
wine colour with a pink foam, a heavy deposit of sediment and a doud rf 
Absorption bands of baemoglobwi » trt seen on apectroacopy and midoacop c ex*merf*» 
revealed a few rrd cells of exile chape a few caste and many leucocyte* No B*** 
parsajtes were found in the blood aftrr repeated enenmstions. The blood serum 
a severe degree of haemofloWnaerma. Hb Woad fxctwi on the day of ooart cf 
flobtnuria waa RJLC-, 1 160 000 per c-mm. haemoglobin, 28 per cent. cci<WT*” n ' 

1 1 W.B. C. 40 000 per cjrnn. . polymorpheouckart, 64 25 per cent, lytnpf* c i t| 
12 75 per cent, monocyte*. 20-23 per cent, eosinophil*, 0 5 per cent. nvHanipl-*^ 

2 25 par cent. Some of the roaoocyte* coo tamed engid fad red ceil*. Tba red «0» 
much arrisocytoai* and noTtnoblasta, both in termed lata and lata forms were pis*** * 
large number*. Skkbng of the red ceps both m nXre and i« tiro was demuu*ti<t& 

The patient was given alkalis and mtravanwja giocoae-sahr>* and o x yg en . A 
tnaiuilon bad to be abandoned after only 00 rx. bad been gi v en as he developed • " ^ 
reaction. 

Two day* later hit MaW^etaxr was R.B.C., 910,000 per emm. WJ.C, ^ 
cjnen. pcdyrnorpbocnxJcars, 65 per cent, lymphocytes, 17-6 per cent, 

12-0 per cent, eoatoophih, 0-4 per cent, metamyelocytes, 2-6 per cent. my***!* 1- 
2-0 per cent, plasma cells, 0-2 per cent. , 

Tb* rfrmal bomt ■sorrow shoved an intense hyperplasia affecting both white **• 
cell writ*. No megaioblacts were p resen t and no malaria parasite* wer* seen. 

At dm rime We spleen was aa laager p aipsbfe, he became araasrueiaos and 
Cbeyna-Stokc* respiratwns. A haemorrhage *sa acts In the right fundus, »d W*. 
and ankle*, th* dorsum of h*a hands and penis became oedema toue. Des tfa c f cf \L 
5 day* after the onset of haemogtohimins, During these 5 day* his urma sboww* 
greerive d e c re as e in haemoglobm content wid an increase m die number of red «** ^ 
leticocytea. Tba serum was examined by Lc-Cof. 0 Q MaxoHUTB and Bng ” 
FiKOcar who demonstrated no reduction in the tzata* inhibitory haemolytic f»cW 
Summmy af Amt^iy Fi*£xft ^ 

Body cf wasted young adult. Conjuactivae and subcutaneous tissues 1*°**^*°^ 
firmly wailed abace** in tba muscle of the left axilla ( uyumy u w tia) 
and water-kgged. Btomaeh c o e g eatrd, no petechial haemorrhage*. Interact! 
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congotrtL Spleen enlarged to t«i « norm*! *ree, con^rcstcd and showing two wedge- 
ifcsped h*mwnh*Rvc infarcts Liver con gated and yellow named with patchy fatty 
degeneration and necrojis. Kidney* con gated end dark m colour surface smooth *nd 
etpsuk stripped easily Rrstn p*3e and oedemitou* cut surface showed advanced softening 
of both ctrebrsl hemispheres. 

Summary of Huioioftcal FbuSnft 

Lever -—Degenerative changes with necrosis of the peripheral and cental type accom- 
panied by marked congestion end much separation of the liver cell columns. Blood m 
the distended voids and amusoidi month - liked but * few tickle cells could be msde 
\ out. Torres inclusion bodies and Counrilm*n lesions not demonstrated. Spiten — 

' Destruction of the parenchyma and stuffing with sickle cells of the mfarcted areas In 
other parts the pencorpuscuitr zones of the Malpighian bodies surroun ded by haemorrhage 
) Much separation of the cells of the Malpighian corpuscles with dilatation of the capillaries 
and haemorrhage into the surrounding tissue. An eariv fibroblastic response with a 
diffuse round cell infiltration possibly a result of the damage by haemorrhage to the 
Malpighian bodies Sinusoids mostly emptj and the pulp stuffed with tickle cell* and 
anmatarc red cells. Kidney — Congestion of the gkrmerular capillaries. Degenerative 
changa affecting the tubules with desquamation of the renal epithelium. The second 
eonvohited tabula appeared collapsed and separated by a fine oedema tous interstitial 
tissue Blood vessels congested and packed with sickle cells Cerebrum . — Msjonty of 
the capillaries blocked with autolytic thrombi formed of fused sickle cells, and surrounded 
by a fine monocytic infiltration In some vessel* an endothelial proliferation with hyalmsz*- 
ticn was demonstrated. Nerve cells showed a varying degree of degeneration associated 
with the blocked vessel* and shading down to complete necrosis m one large area. 

Commentary 

The differential diagnosis lay at first between \ cllcnv fever blackwater 
fever and tickle cell anaemia m an intense!} acute haemolytic cnais kdlow 
fevtx \vta ruled out at it doe* not show haemoglobinuna and was furthermore 
excluded at autopsy by the histological appearance* of the liver Although 
haemolytic crises occur m tickle cell anaemia, they arc not usually sufficient]) 
severe to produce haemoglobmunt The sudden onset of haem oglobmuna 
with rigors, fever and an enlarged spleen, followed by jaundice are typical 
of blackwtter fever but the presence of man} sickle-shaped erythrocyte* and 
leucocytes m the urine were the unusual feature Serial examinations of the 
tirme showed a progressive diminution in the amount of haemoglobin and an 
increase in the number of red cell* and leucocytes The titre of the tissue 
tiihibuory haemolytic factor m the serum was not reduced, as it is in black 
***** fever (Maegraith Findlay and Martin 1943) and sections of the 
spleen showed the histological features characteristic of the sickle cell anomaly 
(Kick 1928). The change* found in the organ* were those due to thrombosis 
haemorrhage and consequent rycrosis, feature* associated with sickle cell 
‘naeima There was an intense marrow hyperplasia reflected in the peripheral 
blood by the appearance of immature red cells in moderate number* at an 
car ty stage of the haemoglobinuna — a finding more characteristic of sickle cell 
® uetma m an acute haemolytic phase than of blackwtter fever It is howler 
oiitumlt to decide whether the toxaemia due to the pyomyositis precipitated 

attack of acute tickle cell anaemia followed b> intense haemolysis or that 
** a rc *ult of an attack of blackwater fever the characteristic features of sickle 
anaemia were superimposed. 


sicxlt cm. Anrnu 


318 


C«jf 8. 

Ptc Dakta, a Gambian, aged 37 year*, *«j admitted to boapjtal on 8.1Z42 «i 
diarrhoea and \e>rnitfng He garr a hntory of cough with tpuhan foe 1 mondn. mi d 
p*m to the Wnb* of 3 day* duration. J lit teonsetata re w a* 09 -4 F n and b* had otaafaa 
gtnghka. Hr wa* extremely rmaciafed. Ha cheat iti clear on cfrtlcaJ tad X-r^ 

elimination. He wa* tendrc m tb* left hypoeboodrium but no enlargement of hi **n 

could be frit. Sfmtxm. — Muco-puruient ao tubercle bacillj found. Fartt *. — Soft *sd 
no blood or mucui Z? all only isolated. Ritod Co*nrt — RJJ 2,410 000 per emu. 
haemo*loWn 50 per cent. colou r index. I -0 \\JJ.C 1 1 OOOpea cjnm. poirmerpte- 
nuclean, S3 per cent, lymphocyte*, 1 4 per cent, monocyte*, 22 5 per cent eoaatpbi, 

0 5 per cent. Red ceO* were ahown to axilc m» antra aodmrrra. Further blood an rttp- 
Oora earned out while in borpital were n fofJcm* • — 

18.12.42. — R.B.CX, 2,000 000 per cjnm. haemoglobin, 43 per cent, colour bi*, 

1 -07 W JJ-CX, 12^00 per cram potyroorphonudnar*, 55 5 pet cent { fpcpboeita, 

°0 peT cent, monocyte*. 24 5 per cent. 

JO 12.42. — -R.D-C-. 000 000 per cram, haernogtobm, °4 per cent- ; colour nfcl 
1 2 WJJ C-, 23,000 per conn*. pofyrrwTrpboruiciear*, 7 < per cent. . lymphocyte*, 
percent, monocyte*. Id 5 per cent, eoamophila, 0 per cent Normoblast* ftp* 8 
present m moderate number*. Many monocyte* contained to grated red c«Bc 

Sternal Bane Uirror — Polymorphonuclear*. 33-0 per cent lymphocyte*, 01 1* 
cant, monocyte*, 6-3 per cent eoamophib, CM per cent m ye!obla*t*. 0-4 per a * 
neutrophil myelocyte*. 4 4 per cent neutrophD metamyelocyte*. 8-0 per cart- center™ 
metamyelocyte*, 0-4 peT cent. plswna ceO*. 2 8 per cent procry throhisat*, 3 I per errf- 
nermobbett* type A, 9 2 per cent normoblait* type B, 22 5 per cent normobten tfl* 
C, 16 per cent megakaryocyte*. 1 2 per cent megaloblaata, ml. An ertrcmefy hypo- 
plastic marrow 

In *pite of dental treatment for hi* gingMtj*. large do*e* of iron and raannia *4 
Wood tranafuiion, hi* general condition deteriorated rapidly and he contracted FI®* 1 
dya eota ry and died on 0 1 43. 

Swmmmry #/ A»t*p*y Fi*£*p 

An ertmnely emaciated body CocyunctiTse Jaundiced. Eatcnah-e pyorrhea* ■»* 
ulcerstjre gingmti*. Heart armll and flabby Stomach and mtca tuxa normal Ik* 
normal m toe cut surface) firm and blurred. Spleen amaS in *o*, wnghaa g *7 " 
gramme* wrinkled and iobuUtrd br acar tbwue and bound to aurrounding aauctjn*? 
deme adhesions cut rurfare entirety flbrn*ed and dry Suprarenal wnafl walg hk* 

3 fTimme* and only 2 5 man, m thiekiw** cut section *bo»ed cortical r®a dan aa^ 
m tire Kidney* normal ***« cut uufsce pale with glomerular cunt cati on. 
pahs. Dram oedematou* and *ecOon thowed early ao/tening and degenetatioc « ** 
■naenuc type. 

Snmttry of Ftndutfi 

Sfttcn . — Capaule thickened and Imrguiar m outline Much fibftm* with 
arefctfaemre. Pulp reduced to a mm of rrtjcuhrm packed with axiJe ceil*- 
bodies fl] defined and represented br a central arteriole and con centr ic laminated de t™^ 
wborb of aidero-fibrohe rnaic. Vessel* themed marked aeferotio change*. 
ctanprcaaed and empty Zarag — Chroeuc emphysema. Cmrfrw. — \ e»*el* 
packed with ncfcle cefl*, many contuntfl maa a t* of agglatmared tickle ceO*. 

V **ad*r ryatem congealed and packed wrth akkl* cefl*. Length of cel] column* 
rona gkaneruloa* almoat coenplet«+r absent, and too* ftaacadata and reneniark 
dwntmkhed in nw from necrotta at c*C*- Cortex m one pola of the gland 
rW^troyed by haemorrhage. 

Com**r*tary 

Thu i* bdtered to be a ca»c of Addiion * dt*ea*c »*od*frtl 
•kilinaemra and complicated by Flcmcr dyienteiy 

The main feature* of the autopay the fibroaed and •brtmiep 
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the capillary thrombosis and softening of the cerebrum, and the degeneration 
and necrosis of the adrenal glands with loss of cortex. 

The diagnosis of Addison s disease was not made during life and unfor- 
ttmatelv there is no record of the blood pressure m this case It was thought 
that an increasing haemolvtic anaemia with leucocytosu and a hyperplastic 
bone marrow containing no abnormal cells occurring in a patient whose red cells 
had been shown to sickle in vitro and in vnv was sufficient evidence to warrant a 
diagnosis of sickle cell anaemia. Low blood pressure has been noted m sickle 
cell anaemia, bdl the findings in this case suggest that a concomitant affection 
of the adrenal glands may well be an occasional explanation of this sign. It 
mav be suggested that the gland m this instance was destroyed by thrombi 
formed from agglutinated sickle cells and haemorrhage during recurrent 
crises of sickle anaemia, but I consider it more reasonable to assume that 
the adrenal atrophy was caused by extra vascular factors eg a toxin which 
in turn precipitated an acute sickle cell crisis 


Discussion 

The demonstration of sickle cells other in fresh blood preparations or 
m formol fixed tissues is pathognomonic only of sicklaenua. A diagnosis of 
sickle cell anaemia based on the association of anaemia with sicklaemia is 
unjustified as factors other than sickling of the red cells may be responsible 
for the anaemia. As in Cases 1 2 and 3 a sickle cell haemolytic crisis may 
well be initiated by an anaemia of different aetiology When this occurs the 
signs and symptoms of sickle-cell disease are superimposed and the nature 
of the underlying anaemia may be masked. The type of anaemia must be 
fully investigated before it can be attributed to sickling alone and the value 
of bone marrow examination! obtained by sternal puncture has been repeatedly 
shown during the course of this paper Cases included m Group I illustrate 
the importance of this examination revealing an anaemia due primarily to 
other causes 


The bone marrow during a sickle cell crisis shows an intense erythroblastic 
and leueoblastic hyperplasia with considerable increase m the number of 
raonocytea many of which may con tarn engulfed red cells The normoblast* 
tend to be large, early eosinophilic forms with a well patterned nucleus such 
11 *rc found in haemolytic anaemia* and in conditions of prolonged loss of 
peripheral blood. The diagnosis of a sickle cell haemolytic ensis will therefore 
r* by an anaemia with Jeucocytosis jaundice and a hyperplastic 

hone marrow which shows no abnormal ceils, occurring in a patient whose 
red cells have been shown to exhibit sickling in vitro It is then confirmed 
b> the demonstration of tickle cells in vreo 


Case* in Group II are examples of tickle cell enses precipitated by other 
^re urgent disease* The conditions responsible in this senes appear to 
he tropical myositis and blackwater fever meningitis and Addison * suprarenal 
disease. 
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In two of these cuti (Cues 5 and 8) the spleen at anlopty presented a 
■ until, bird, nodular dull grey organ Cut tcctiont therwed tfodnrd 
trabeculae and yeflowith brown nodule* acattered throughout the palp-dr 
reiult of org«m ration of haemorrhagic area* (Dices 1935) The palp itJtS 
had been tramfonrned into a reticular mui packed with tickle cell*. Tb* 
extentive, degenerative change* may be taken as evidence of frequent pdle ct£ 
m*e* that had occurred in the pan. 

Leaioiu found in other organa are fundamentally trmfUr to thote 4a 
hare been described m the tplecn, namely tmuc deatruetion by baeJDonhqi 
and thrornbotn followed by necrotu. The thrombi are formed from apH- 
trnated tickle ccllt which are impacted in the until er \ettel*. Any organ ro 11 
be invofred and the Urge number of tvmptomi that have been aatooated ni 
tickle cell anaemu it therefore not a matter for surprise. Thete obtemtea 
tuggett that the chief feature of the condition t* not the anaemia but the EtbS-i 
to thrombotu that occur* during a tickle cell cntis- The term ** tickle erf 
cCtcate " would therefore appear io be preferable to M tickle cell tnicffln. 

At a ticldaemic tubject it alway* apt to develop an acute haemolytic enra 
I would emphatize the neceuity for all coloured paticmt admitted to botpfaj 
to be t c* ted for tickling From my obterrationt tbit would appear to 
tpeoal importance ui acute toxic condi tioot. 


StmMAHT 

Eight cate* of anaemia attoaated with tjcklaeirua occurring in ^ 
African native* are recorded. The difficulties m dugnotit are dltcutted d 
the need for a complete haematological investigation it attested. Tone coni' 
boot at preop«tating fictor* in the production of tickle cell haemolytic err* 1 
are fitted and the importance of “ testing for tickling ” tn acute <E*c®° * 
emphamed. It it suggested that liability to thromboc* from impact)® • 
agglutinated tickle cefit u of gre a ter importance than the pretence or ibtaf* 
of an anaemia and that the term tidde cel] efiteate would be tbenf^ 
preferable to that of tickle cell anaemia. 
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The literature of tropical medicine cite* a number of blood reaction* 
mostly globulin reaction* which indicate certain groups of disease* rather 
"than being pathognomonic for one alone (Brahmachari 1917 Chorine 
1938 Formol-gel reaction Henry Ray 1931 Sia 1921 and 1924 Wolff 
1939) The Weltmann test i* also a globulin reaction but it is not at all specific 
for malaria or any other di*ca*e However I shall attempt to point out its 
advantage*. 

In 1930 Weltmann described a simple coagulation reaction (W C R.) of 
blood protein* by calcium chloride This unspecific teat make* it possible 
according to it* discoverer to distinguish between acute inflammatory and 
chronic proliferative processes 

Only a few article* followed in the German literature concerning the general cluneal 
**snifictnce of du* coagulation tat. In Amenc* since 1938-1639 Levinson h« made 
atamve ttudie* on the subject. In the American literature paper* appeared on the 
" CJL in the fields of pediatric*. neurology and tuberculous Together with Dr Uwna 
*nd Dr Einkoxn wo have used the W CJL during 3 yeatri oo about 1 000 patient*. We can 
confinn the rmih* outlined by Weltsiann himself Lkvinson and other*, concerning it* 
S* 0 ***! clinical importance. 

' L England the reaction 1* hardly uaed and in tropical medicine the ttandard 

“»k* of C*aio and Faust Manson Bahs, Roger* Megaw and Strono-Stttt do not 
tbe Wehmann re*Etkm. I have ao far been able to find only three article* from 
1930 until now dealing with W CJL and malan*. There » L\Nt*r*o (1935) whoae paper 
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h available tn PortuKueae only More recently J-xtuoon ud McFati (IWSle Hex 
CtiMtc W LafomJwy Difwmtj mention mxUri* (fmort* the detailed adseme, for 
dt«e**e*). A Ikiljirira author Tpcmunr (l&JI) mmned forty care* of mefare * IB1 
Hij result* ire the umt u mhc. 

However I thought it worth while 13 yean after thi* apparently fbrjoca 
paper to report my studies in twenty fire caaca of malaria beau* tky 
confirm the result# of TSCWUTO and of LrviN'XON because the reaction ttm 
to me of diagnostic value, ai indicating the poaafbihty of a haemolytic proem 
and because I bebeve tins nmple reaction might become an inremttoj W 
in the field of tropical roediane in general. 

The technique u publiahed by LrvrXJot and McFatc (1943)’ a a 
follow* 

1 Stock csloum chlorid* solution. Dtfaofve fn water 50 u nmet cf Aj 
crystal* of reagent CaCl 0H,O and dilute to 500 c-c. m ■ volarnetnc flat 

2. Dilute caldum eWorld* *oiutf«». Transfer 5 cx. of «nck reldom ci*o* 
solution to a 500 cjl volumetric fl«ik end dilute to 500 C-C. with after Mn al 
transfer to a bottU mmnbeetd ** J ** In turn transfer 4 5 4-0, 3 5, 3-0, 3A 4 
15 1-0 and 0-5 c,c. of ftock solution to lh* \olnmrttk flask and dilute «di» 
500 cjc. Mix and transfer to bottle* numbered 2 to 10 respectively 

Apparatus. 

1 Metal test-tube rack*, to hold 13 x 100 nan- test-tube*. 

2- Bodwi* water bath 

Prxxtjurt 

Plac* ten teat tube*, IS x 100 mm. in a maul teat tube rack and member create 
tjvely fror n I tp 10 Into each tube jxpettr 5 cx. of tba aiiiularly numbered 
cakrum chloride. Then add 0 1 c.c. of tha hserno*fc>hjn fre* serum. Shak* tix 
ao the ccaitenta wiD be mixed and place in a boiling water bath for 15 mtontrs. 
from tbc bath and read. The content* of tha tube* may be dear fikitly opaleacenC 
or there may be flocculation. There is usually a aharp and easily notad different* bo* 3 
flocculation and turiadlty 

The number of the tube* in which flocculation occur* wt* deaigw^jj 
Wh.tmann as the coagulation band (CJ) ) If there t* very *hght or d ode* 
flocculation tn one tube a rare occurrence, the reaction i» interpreted »!*** 
intermediate between that tube and one before it and t* designated br d* 
figure J 

The blood should be taken in the morning, before breakfast, tbocp 
cup of coffee of tea or even a ruak doe* not alter the result. Sennfl 
heavy meal cannot be used, nor can haemolytic serum be used. 

Scuwrommo and Evan* (1911) emphamc that there should «h*p ** 
one normal serum -to teat as a controL The bottles must be protected p** 
the CO, of the air by keeping them thoroughly dosed. The stock sohd^ 
can be kept for a very kmg time the dilutions should be discarded v& 
months. The reading of the coagulation tube must be made imrocca/pi 
after removal from the water bath. 

• I thought it useful to ftv* d#t*il» of tb* procedure, because at tb* prtw* 4 
may be d2Bcuh to get tbc ongioal literature. 
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Interpretations 

In normal serum, the first *l* tube* usual!) »hovr flocculation. Some- 
tune* there ts slight or doubtful flocculation m the *eventh tube The normal 
coagulation band i* therefore 6 to 6 l and remain* remarkably constant in * 
serum of a healthy person 

The illustration shores the technical arrangement. Coagulation values of 
6 or 7 are normal,” and higher numbers (S, 9 10) means a shift to the 
right ” or a prolonged coagulation band (CB). 

Vtce-rma, values 5-1 indicate a shift to the left, or a shortened coagu- 
lation band 

Weltmann and his co-workers drew two conclusions the Weltmann 
Coagulation Reaction (W C.R.) ha* a general and a specific significance. ‘ Shift 

123-156 89 10 



to the left or shortened C B indicates an acute inflammatory exudative 
proco* Shift to the nght or lengthened CB n found in chronic proliferative 
proceu. 

Concerning the tpeajk importance, "Weltmann ha* described in several 
Papers how all patients with liver-ctrrhotis showed a prolonged C B„ indicating 
a toxic damage of the hrrr~ce}h 33 is usually the care m hepatic cirrhosis. 

General Application: of W C it 
»nnple method was employed by u* m twenty file case* of malana 
c can distinguish three types of reactions thirteen cases showed a definite 
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•toft to the right, figure* like 8 or 9 (prolonged C.B ) ten cue* girt aboorcd 
C.B (figure* like 6 or 7) only two cue* showed ■ shift to the left {4 or 5). 

The W CR. in c**e* of stcute infectious diseases u netrly *bnys roert m 
lew *hifted to the left. Thu » the experience of many m vet tig* ton (Wn.TXty«, 
IxmKM) and our own result* in about 1 000 cases are similar (Elehek, 
Eimhokn and Unna). Wc ahould have expected, especially when patient* bd 
high fever W C.R. with figure* like 4 or 5 if not even lew (2 or 3) fee* 
tin* point of new the group with number* auch a* 6 or 7 i* surpnung- Wc 
may «y that twenty three out of twenty five acute malaria c**ci jnr 
an unexpected remit with \\ C R-, a to-called normal range," of even i 
definite ahift to the nght (ten cates) The real prolongation of the coagohna 
band and the u masked one (the group with figure* Hke 6 or 7) did not dfpad 
either on the type of the malarial piraaile or on the level of the tempentnit- 
The remit* were the wine during an attack with chill and fever and on (bp 
between the attack* (tj-, tertian malaria) ho relation Baa been esabfiik^ 
with the accompanying anaemia. 

The chemical competition of the blood proton* of a healthy pc** 
under normal condition* a very constant (Berr and TayUj*, K£txn3 
and McFailaNI) On the other hand diseases, especially those with 
fever rapidly change the ratio albumin globulin (hECtwicK snd McF*»x' a ) 
as the total proton or the globulin fraction alone. (Snapper, 1913 ) 

Nearly all of the previoutlv mentioned testa are based upon 
bmacmia. Thus the Henry test was aimphfied by Chokke by using 
water the original Henry technique of adding melanin from the ere of a * 
merely make* the flocculation more easily risible, but it i* not cwentoL (StknS- 
Stttt 1942.) According to Mrfuw both Henry • and Chorine > tnti ** 
globulin reaction* and not specific for malaria. Likewise the modittc*t*« P 
Worn (1936) with buffer*, is unspecific. ( Strong- Stttt ) We toe* ^ 
the formo 1-gel teat, discovered by Gat£ and Papacocta* (1920) is 
all cases of bypcrglobuiaerwa. Therefore positive flocculation may be obo 9 ” 
m case* of malaria, kala-awr subacute bacterial endocarditis, trypano* 01 ® 1 * 
achat osomnsts, even m cases of septicaemia. (Kyww 1933 Levin*® *** 
McFate, 1943 Stktso Steen W or t h e im er). Roont* (1942) ate* 1 
who *ar* that all formalin teat* depend on an exetw of altered euglobuEa 
decrease of serum albumin specially m the blood m kala-axar The law® 
teat, modified by Nathr, has it* value for chronic cases m kala-axar ie 
place*, where tome of the above mentioned disease* do not enter i°t° J** 
u deration in differential dtagnoats, or at least not within the fint month* <* 


cusroe. 

The WCR- belong* to this unspecific group of globulin- 
moat probably the mcxe**e of giobulm bang the main cause. Tt* ^ 
production place of globulin formation and transformation U d* 


(Whittle). 
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Weltmann always held to hi* opinion that, in all toxic liver cell damage, 
the C B i* prolonged and shift* to the right ** in certain case* of jaundice 
and always m cirrhosis. There is liver damage in malaria infection by the 
invading parasites which is either anatomical (Boyd Fairley 1937 Smith 
and Gaolt Strong- Stitt, 1942) or functional (Ou 1941 Orltna 1941 
M anson Bahr, 1940 Kofp and Solomon 1943) 

We had no cases of pregnancy in malaria where according to WlCK- 
raaiasurtya (1937) the cloud} swelling and the fatty degeneration us very 
pronounced. I suppose the W C R. in such case* might give quite interesting 
results However if we do not go into details on liter damage it is because I 
do not think that Uver changes are the decline factor for our unexpected results 
m the WCH m malaria. It u difficult to explain such a coagulation result 
due to a parasitic Uver invasion, compared with the opposite reactions of the 
C B in nearly all the other infectious diseases with high fever There too 
the liver is highly involved {t g pneumonia) and the WCR. goes to the left. 
Then the rapidity with which the WCR. swings to the right even on the 
first day of chill and fever we found in several cases ahead) results of 8 
or 9 In 1931 Weltmann already explained the results of Tschtlow (1931) 
as a possible haemolytic reaction He came to this conclusion as a result of his 
observation on cases of pernicious anaemia I also believe that haemolysis is 
the most probable factor producing this peculiar coagulation reaction. 

One can easily produce this phenomenon with every normal blood serum 
which gives a normal range ofWCR. If one makes by an) procedure such a 
serum haemolytic, the new coagulation test shows one or two tubes more to 
the nght therefore clear unhaemolywd sera only arc to be carefull) examined. 
We have examined two cases with acute haemolytic anaemia due to sulphanil- 
amide and digenan. Both cases whose C.B had been shifted to die left 
(surgical cases) swung during the haemolytic crises to 9 When the recovered 
patients left the hospital, they had WCR. 6 We have proved that the 
suipbamiamide group alone has no effect cm the WCR 

We therefore thmk that it is the haemolytic effect of the malaria infection 
Vfhitb causes the prolongation of the C B I should Uke to suggest that 
Perhaps the number of the coagulation tubes, 8 or 9 or 10 or only 6 or 7 may 
be a quantitative indication of the degree of the haemolysis If this hold* good 
it may be a \ery helpful method in addition to or instead of reticulocyte 
counting (Fairley) and especially m watching patient* with threatened 
blackwater fever 


No satisfactory explanation can aa yet be offered as to why two patients 
with malaria had a C B of 4 or 5 They had no other complications 

which could have changed the C B Other investigators and we, too 

have observed that patients, suffering from typhoid, for instance, had • C.B 
5 A* soon at the) got any complications (broncho-pneumonia, 
thrombophlebitis, otitis cystitis) the WCR- changed and swung to the left. 
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2 or 3 returning to itj former Icrel when the complication had p**sed nr 
Aa ha* been Mid, no *uch complications occurred m there two patiena rti 
nul*n* Ue ire commtnang investigation* on * larger Kale and bepe a 
discover the reason* for the exceptional results. 

One care u worth reporting In detail The patient, S-, with totm 
makna, presented a coagulation band of 9 He received qnitrmt uric 
treatment and left the botpitaJ after 8 diys with no ferer no plaamocGa, nf 
in a satisfactory condition After another 7 day* he had to be rc-adnnKnJ a 
account of high fever headache, a sensation of burning in the eye*. A rebp* 
vm *u*pectcd but no plannodia could be detected although the Wood ** 
thoroughly searched during 2 day*. The coagulation hand was 7 msttad d! 
a* it bad prcnomly been. The t emp e r ature chart and the posrtire VVed-F* 
reaction after 10 days indicated that the patient had in the meantime contnOd 
typhia of the m3d murine type prevailing in tht* country Tho* the chop 
in the \V C.R. had given a hint that the diagnosu should be rmred. 

AH there fact* show that in a giv e n care of high acute fever the W.d 
ha* a certain diagnostic value, especially as the result is obtainable to th 
very first day of the fever Influenza, toruilhtia, pneumonia would girt*!** 0 
a marked abft to the left ” and even typhoid (not easily identified i* & 
first few days) would not abow a ahift to the right typhoid mostly & 
figures “5" maximum “ 0 ** Only infectious jaundice might come b fa 
apcaal consideration a* it has a W C 4- Reaction though probably fa 
other reasons (brer damage). 

A* far a* f could find in the available literature, the W C R. h** oot te* 
used in the field of tropical medicine. Theoretically judging from wb* * 
known of the W C R. in other infecttou* diseases, one might expect m p^** 5 
with rebut o*o rm a* is or kals-czar at the time of high fever a slidt « 
the left." Only when hver-arrhoau ha* definitely act m ■ swing to the np 
should be obtained. But to examine the two mentioned, and other trap** 
diseases, by the Weltmum method may lead to another advantage. \VrL'n a3j 
(1931) has pointed out the value of repeated W C R_ in the course of* 
dj scare in obtaining a prognostic new Since the IV C.R. is unlnfl* f * ctJ 
by the height of fever or by any accompanying anaemia, the W C.R- 
sometimes be more helpful in prognoeu than the sedimentation tune, 

UAior LmNSOff Ktinrnto). Taking mto consideration the very * a= P 
technKjue, may I again be allowed to urge that thi* Wdtmann Reaction be 
in the field of tropical medicine. 

Scmiiaxt 

I The technically ample procedure of the “ Weltmann Caat^* 9 * 
Reaction "(IV CR.) was employed by tu in twenty* five cases of mtlsru- 

2. Nearly always m acute infections with high fever the 
Band (C~B ) u shortened and the IF C.R. u shifted to the left Bu* ahb**** 



J KLEEBEHO 


22 “ 


mabn a attack clinically produce* all the feature* of an acute inflammatory 
process, the W C H u shifted to the nght (thirteen case*) or stays normal 
(ten cases) Very similar results were obtained by Tschilow (1931) 

3 The WCR. i* an entirely unspecific protein globulin reaction , but 
considering all above mentioned facts it gites m tropical countries a certain 
hint in the diagnosis of acute fevers 

4 It is suggested that haemolysis may be responsible for the occurrence 
of the lengthened C B in malana. 

5 The Weltmann test is particularly valuable m all haemolytic processes 
It might prove to be of special help in blackwater fever 

6 A repeated W C R-'in the course of a disease can, like the sedimentation 
time, be of help m prognosis Therefore interesting results might be ob tamed 
in other tropical diseases besides malaria. 
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A CONTRIBUTION TO THE STUD\ OF MALNUTRITION IN 
CENTRAL AFRICA 

A SYNDROME OF MALIGNANT MALNUTRITION 

BT 

H. C. TROWELL, max, facj-,* 

Lecturer rn Mediant Uganda Medical School Kkmpala Uganda, 

AND 

E. M. K. MUWAZI 

Aautaxt Medical Officer UfOtda Medical School 


The study of malnutrition in tropical Africa is at an elementary stage. 
At the present time it is passing through a phase of peculiar difficulty for on 
the one hand the classical disease* of malnutrition, such as pellagra benben 
and rickets have been but seldom reported whereas on the other 
surveys of African diets reveal that they are often deficient m many 
respects, notably in total calories proton vitamins of the A B and C groups 
depending largely on what are the basic articles of diet. There is thus a 

to due to Dr D Ha*yet for the eatrmatjona of the phuma proteins, and 

, J , Sco re Bfcowrt for the radralojpcal erammatioat m the interpretation of both 
mvaUffmtroo we have offered our own personal opuuon Dr H. G W iLTSmur 
r” Ur R. 3 F HctXEisrv jprre aaaratance in the pathological fnrestigatjooa and Mr 
performed «H the blood counts. Colonel D Bnx and Lieut. Colonel A. Kkxwick 
$rv 010:1 nutritional aorrey of African soldiers. The Armour Labors 
tt™ tn d the Lederfe Laboratone* »ent brer extracts for trial, so dad the Bntish Drug 
riwI ^>toC*ther Tnth certain of tbe more obscure fractions of the vitamin B complex. 

_ . , ,rc due to the Dwecto* os' Medical S er vice s , Uganda, for permission to 

publish thia ar&cle. 
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serious discrepancy between those who are engaged In clinical work tad ato 
seldom diagnose malnatntfona! disease and tbaae engaged in ptrrertm 
medicine who state that the diet* are gravely deficient in many essential raptes. 

At the tame time an increasing number of pa pen hare emerged rind 
attempt to describe a new aspect of malnutrition Though there a * strike* 
agreement about the clinical picture yet the underlying pathological and bio- 
chemical changes have been but little investigated the aetiology and tk 
treatment arc therefore uncertain. 


Th* Literature 

The condition wu first *dcqu*tefr described by ClcrLV iuJamj (1103, OT, 
1940) she called the condition kwwJuurfcrr " and coraid«red that it was a »w ckW 
entity Taowxu. ( I 937 1940 1941), iofloeoerd » a certain ertent by the news c/9nxei 
(1934 1£06 1944), considered th*t the disease *r*s ** infantile peHa^ra." ScTXi-V flW 
and Kajoc (1943) described the condition jn the native* of South Africa, Sctrrr Bsc*' 
and Taowxu. (1944) described the r*djojoff»o*l chsnjre* in th* yastro-in test mri tac t 
and m th» cufTrrmmrcatkm Tacnmx ttated that he could no tourer ccmtder the tmta* 
to be that of peUigTm. fin i »■« and fi nt na w (1944), in a preliminary reported it* 
Irvrr bsopry results, to he reported shortly tn other eommsmicatiom, deroonstrefrd B* 
th* essential ami earisest manifestation in th* liver was that of fatty deoenerihon, &*■ 
which recovery ia extremely slow hi spit* of a rood diet, supplemented by krr* 
of mcotimc aod, and thtamm. In their opmoa certain of these case* proceeded to pip** 
drrhowa. There mock »n done m Johannesburc. and th*r were ab*e to ndaat ** 
presence of rropKsI parasites, a point a inch ha* always troubled w o r i ets in th: «™“ 
parts of th* world. In their opinion, demonstrated by Semi brer biOp*y the lreer rrepoo** 
quickly to th* sdmmistrstjon of desiccated Hoff’s stomach. 


Potsava Onturt ATiavi (1943) 200 Cases. 

Adults 144 fats) 25 unproved 119 
Children 56 fatal 10 improved 46 

Incidence — This disease accounted for about 10 per cent, of the wt&A 
aduJt adnnaaiona and about 50 per cent, of the children. 

Age — Cases were divided into two group* Children (under 15 jn«i 
largely Ganda and Adolta (over 15 years), largely immigrant labourers fr** 
Rmnda-Urundr All cases were African natives. 

CfaJJre*. Adults 


7 months to 1 year 10 cases (none 
below 7 months) 

1 to 2 years, 22 cases, 

2 to 3 years, 16 cases. 

3 to 5 Tears, 3 case*. 

5 to 10 years, 2 cases. 

10 to 15 years, 3 cases 


15 to 20 years 40 cases. 
20 to 30 years, 52 cases, 
30 to 40 years, 35 cases. 
40 to 50 years 15 cases. 
Over 50 years, 2 case*. 


canW p 
Tbees* 1 


Place Clmute and Exdemtc Phttasc —Observation* were 
Kampala, the capital of Uganda situated at a height of 3^00 feet 
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encountered among children came largely from the local Ganda tribes, to a 
lew extent from the immigrant Ruanda Urundi tribes Kampala is a hyper- 
endemic area of sub-tertian malaria, and a fair amount of quartan malana 
in childhood. Almost ever}’ African baby contracts malana m the first few 
months of life and by the 3rd month infection must be regarded to be almost 
universal in African children Hookworm disease is very common in the 
humid climate but is seldom contracted before walking is begun m the 
2nd year after which it increases in frequency until in adult life most Africans 
are infected but the infection to judge by postmortems is usually light 
bnqg under fifty worms, Ascaridiasis and taemasis are uncommon in Kampala 
bilhamasii is almost unknown trypanosomiasis is seldom seen filanasis 
(apart from onchocerciasis and the pm tans varieties) is not seen Kala azax 
does not occur The blood Kahn is positive in approximately 50 per cent, 
of Ganda adults due presumably to syphilis for yaws is hardly ever seen. 
Babies are usually not weaned until well into the 2nd year and often the child 
it then restricted to the usual adult diet of cooked plantains, sweet potatoes 
and tea for meat, milk, green vegetables beans, nuts eggs or fish are seldom 
given to the chfldren. Neither adult* nor children take any cereaL 

Cases in adult life are seen most commonh among the immigrant Ruanda 
Urundi tribes. These walk some 500 to 800 miles from the Belgian mandated 
territory of Ruanda Urundi to uork on the European Indian and African 
estates and the peasant cotton plantations 


Native Peasants Diet 

It is impossible to give any exact estimate of the content of the poor 
peasant * diet, but the following is a rough estimate of the daily intake and 
of its approximate composition. 

cofiWrva'/ £ <w labourer i Jut 4 lb of un dried cassava daily (3 lb when prepared for 
cm ^ on<a » 10 gramme* protein, fat nil, calcium 0 5 gramme iron 4 mg 
vuarom A nil, B, nil, riboflavin nil, mcotmic aad nil, vitamin C 450 mg (reduced by 
COO W 1 to 2 hour*) 

^ labourer t dm o lb of aweet potatoes (3 1 lb after preparation) 1 az 

0-25 . 1 ^ °* vegetables *» 2,000 calorie*, 25 gramme* protem, 1 gramm e fat, 

___ Xiarnme calcium, 8 mg iron, vitamin A 600 units, B 1-0 mg riboflavin 2-4 mg, 
„ * CK | ' raR-i vitamin C 420 mg (reduced by cooking 1 to 2 boura) 

PQtAUjo t*”* 1 1 8 lb of cooked plantains (4 lb after preparation) 2 tb of 

• oats? 1 ***' 1 01 Brecn "CVtables 1 os sugar (with tea) 1J ox. groundnuts 

14 P rotrm "*7 -0 grammes, fat 22-0 grammes, calcium 0-3 gramme, iron 

vrt^nm n Vr^ 10 units, B 1 1 mg., riboflavm 1 -65 mg mcotmic acid 7 mg 

1 to 2 ^ura) 

a day °* die local tribes axe largely weaned on to diet 3 they have three meals 

thsiU ” Ccyt,K hted that an adult Afncan of 55 kg engaged m moderated active work 
non 1 1 to 3 000 protem 60 to 70 grammes, calaum 0 8 gramme, 

15 mu ^ ^ ® °°0 units vitamin B, 1 8 mg riboflavin 2 2 mg meotime aad 

airiJT^Zl v^u , “* Certain of these amount* *hould be increased if long marches 

^tnaken b> fmrmgrant labourers. 
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It is therefore considered that — 

I Am poor labourer'* diet is senoush deficient m everything emp 
vitamin C 

2. Imrm^mu labourer* diet t* •enoiuly deficient in atone*, prows, 
calcium, vitamin A and nicotinic *ad, and rood era tele deficient ra m* 
and Bj 

3 Ganda peasant s diet U moderately defiaent m protein, caiosm fid 
nicotinic tad, and ahgbtlt deficient in vitamin A, riboflavin *nd Bt 

The Clinical PicTCbe. 

The clinical picture ha* previously been described by Cicelt WtltUfl 
(1933) Trowell (1937), Scott Brown *nd Tbotxu. (1944) it cosaaarf 
« grot* loss of bodyweight m adalu or * future of grow th in children, oedea 
pallor of the skin and hair (Fig I), crazy pavement dermatosis (Tig 2) k* 
stool* iteatorrhoea in childhood, macrocytic anaemia, • fight roeotd c4 
neurological change* and defiaency bowel pattern, ft l* not propa*^ * 
mention the*e point* again tn any detail, but to atrea* one or two 
previously inadequately described 

Once the pro** ca»c of thb syndrome i» recognized, the quotum eraesT 3 
what are the earliest »ign* of the tyndrorae ? In childhood tbe*e are * feft* 1 
to gam weight and *omc softness and bnnmnm of the African hair tod p 1 ^ 
of the facial *lun The hair change* are onfy visible if the head i* unsim^ 
*o that in many African tribe* this change would not be noticed. H th» p** 
i* accepted then the prevalence of this form of malnutrition in African cb&fr* 
of Uganda is extremely common. 

Adult*, how e ver in many case* have no pallor of the *lun and of the 
Ttt all the other feature* of the syndrome are present. For this reason, * 
such a* twaihiorior (the red boy or man), can hardly be applied w *** 
case*. Lastly the majority of cases in childhood *bow no crazy para** 
derm*to*u many show no looseness of the stools no psychosis 
described in thu syndrome so these symptom* which at one time regge**® 3 
relationship to pellagra, do not appear to be the earliest or the moat coo*** 
feature* of the syndrome 

A low temperature, cold extremities, and radiological evidence o iaoeff* 
oateoporosi* (twelve case*) were noted for the first time in thi* aenex 

rsvEmtUTtoNi. 

Tat \ita! —A gruel text meal in fifty-six adult* gave achlorhydria » ^ 
teen case*, four of whom were tested by hatanune and two of 
showed no accretion of sad. 

fUitolapcal Examnttso* of th» AhmenUry Tr*ct — This o>xs 
in rirenri thret adult* and in rune children. The appearance of 



Fio 1 — Pallor of the 
face brown hair and 
oedema in an adult. 
A normal control 
rtand* behind 



Fic 4 —Peeling of 
the derma to* i» 7 day* 
after giving oicotmic 
acid. The wdc ca*e 
a* tn Fig 1 



T Mr to. 
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It u therefore considered that — 

1 \ cry poor labourer a diet u aenomlj deficient in everything entpt 

vitamin C. 

2. Immigrant labourer a diet is seriously deficient in calories, proto, 
calcium., vita m i n A, and nicotinic acid, and moderately deficient in cm 
and B, 

3 Gsndi peasants diet Is moderately deficient in protein, calormn cJ 
mcotimc lad, and slightly deficient in vitamin A, riboflavin and Bj. 


Thz Clinical Pi Croat. 

The clinical picture ha* previously been described by Cicelt Wniu® 
(1933) Trowill (1937), Scott Bkown and Taotvm. (1944) it consau i 

a gross lost of bodyweight in adult* or a failure of growth in children, oetkva, 
pallor of the akin and hair (Fig l) crajy pavement dermatosis (Fig 2), lx* 
•tools, ateatonhoea ra childhood, macrocytic anaemia alight mental ^ 
neurological changes and defiaency bowel pattern. It u not proposed 0 
mention these point* again in any detail, but to stress one or two wp* 5 , 
previously inadequately described. 

Once the gross case of this syndrome is recognised, the question ewerp’ 
whit are the earliest signs of the syndrome ? In childhood these are i tie* 
to gam weight and some softness and brmmnetM of the African hair and 
of the facial skin. The hair changes are only visible if the bead is tush*™ 
to that m many African tribes this change would not be noticed. If th» F** 
is accepted then the prevalence of this form of malnutrition in African cfc3c** 
of Uganda a extremely common. 

Adults, however m many cases have no pallor of the skin and of the W 
yet all the other features of the syndrome are present- For thn reason, * *®* 
such as “ kwashiorkor ” (the red boy or man) can hardly be appfied to s*» 
cases. Lastly the majority of cases in childhood show no cmT p* ftGCi 
dermatosis many ahow no looseness of the stools no psychosis b** b®* 
described in this syndrome so these sy mp toms which at one tune sugg 45 *** 
relationship to pellagra, do not appear to be the earliest or the most con* 3 * 
fe atu res of the syndrome. __ 

A low temperature, cold extremities, and radiological evidence of taw®** 
oateoporocs (twelve cases) were noted for the first time in this senes. 


IXTESTI OATT axs. 

Tnl Med — A gruel test meal m fifty-six adults gave achlorhydn* m 
teen cases, four of whom we r e tested by histanune and two of whom 
showed no secretion of aad- 

Radiological ExamiatUom of the Ahwuntary Tract — This was pen“^ 
m twenty three adults and in rune children. The appearance of 
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bowel pattern was reported in this syndrome bv SCOTT Brown and TrOWELL 
(1944) and it is unnecessary to repeat it in an} detaiL Too little is known 
of the appearance of the normal African small intestine and although one 
of us (H C. T ) was privileged to see the films from some 200 African soldiers 
(by the kindness of the military authorities) we do not feel that we have con- 
firmed altogether the somewhat strict criteria of the normal small intestine, 
as set forth by Ross Golden (1941) We are inclined to accept only 
segmentation grosa irregularity coarseness or loss of the mucosal folds m 
the small intestine as evidence of abnormality Ross Golden believes that the 
small intestine should be even m calibre and ha\e a fine mucosal pattern, 
if this is so then nineteen adults showed frank segmentation and five had 
an abnormal mucosal pattern none was normal In children even 
more difficulty has been encountered b\ u« m defining the criteria of normality , 
•even out of nine cases showed frank segmentation (Fig 3) beyond that we 
will not go 


Ixmmoxs. 


Infection. 

Non fatal 

Cases 

(HP) 

Fatal 

Cases 

(2 S) 

Percents Re. compared 
with Single Examination 
of Routine Medical 
Admission*. 

Aicans htmbncvidn 

A' rcaior trmmcwmcs 

« <«%> 

— 

1 

o 

Htarj infection 

1(07%) 

4 

40 

L**ht Infection 

to J 

S 


7W**j lazfacta 

10 (13,.) 

4 

4 

Bdkarna monte* i 

I (1%) 

0 

0-4 

Gtordia i*urtr*ahs 

18 (IS 

8 

0 1 

Cfabmaxtix m tntSt 

30 (32%) 

8 

01 

TtiAomcmas kemams 

9 (24%) 

0 

0 2 

Emtomotbo hatolytxo 

0 (7%) 

1 

0 3 


It is not considered that there was any significant increase of helminthic 
infections in the cases under review and it is very doubtful if these infections 
play anything but a minor part in the production of this syndrome. All pro- 
tozoal infections appear to be more common in this syndrome than in the 
ordinal} patients This is especially true of the flagellate infections *11 of 
^hich appear to htve been more common. In this connection it is interesting 
to recall that the only recorded case that has been traced in the British literature 
of similar abnormalities in the radiological appearances of the small intestine 
*** reported by O Donwan McGakth and Boland (1942) in a patient m 
Ireland who had a G tar dux infection. 
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The exhibition of mepaenne (atebnn) to otir patient* in the daily i oajc 
of 0 3 gramme, although corwdered by hnrs (1941) and other* to be ihaot 
•peofic in the treatment of flagellate infection*, tfa* only followed by dqh 
improvement in *13 ewe*. The frequent attack* of looac ttooh occtnood 
considerable difficulty At first the mam concern mi lest amoeban* wu teat 
mined a* ewe* had frequently been di«goo*ed a* mch in the put. Spowio- 
*copy ra performed tome sixteen time* and in thia tray *otnc four axt d 
amoebiiu*, not prcvionaly dugnoied, were detected. 

UxTXcrrrtD Rmsjlxti or Foe© r. Stool*. 



THE BLOOD 

Blood count* were performed on the peripheral blood of 144 adult* (twenf) 
five fatal, ] 19 rec ov e re d) and on fift) *i\ children (ten fatal forty*«x recmot4 


R»d CcD* Harmnctotn 

(miBxm*) (arwuun) 

\LC\ 

( ft.) 

\LCJIC 

(%) 

Mam 

Rtn*T Mean 

Rwn 

Mean 

R*TlfT 

\Ir*n. 

[ P-* 

AJtJt, 

i J_ 

1 1 B rrem rrtd cmrt- 
1 o-3 J a 

1 3-13 

II t 

71-lW 

*1 8 

|II3-»H 

Aimlt j 

I In 

3 fatal mn 

11-3 7 6 7 

4 3-11 1 

1 Ilf-* 

N_ ISO 

*5 * 

fit 5-n* 

CkAJrrm 
1 « 

+0 rrroW iatri 

0 S7-4 *3 a 

3-14 1 

II« A 

*4-135 

n-* 

i 

1 14-ni 

OmUrtu 
2 74 

10 fatal mrt- 
I 1 -4 05 fl 

4 3-111 

1 CM 

oair 

i 

cam ooV I 

AASu 

■M 

30 mm, mt m aLm^/ p tnratfj « n* 

130-4 04 te 4 t-I3 8 U<* a 

*1-113 

30 7 

JjjO'W- 1 

CUUr a> 
a It 

In m m* wlrW 

I B7-3 • I MI 

pmrmut* mt 

3 1-1 1 

Vwil 

r*. 

a orJr 

t c**|c*«»h 
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The syndrome is therefore usually accompanied b) macrocytic hypo- 
chromic anaemia, but the anaemia may at times be normocytic , and although 
usuil!) hypochromic the anaemia is often orthochromic. 

Examination of the sternal marrow in ninety-eight adults and in three 
children revealed * cellular marrow in which earl} red cell precursors and 
mitotic forms were common- The prevailing type of erythropoiesis is un- 
doubtedly normoblastic- In a large number of cases abnormal red cell 
precursors are seen towards the very extreme tail of the marrow smears In 
discussing this aspect of the cases in a previous communication (Trowfi.i., 
1942) it was suggested that these cells should be called nutritional macrocytic 
anaemia megaloblasts After further consideration I do not consider these 
cells should be called megaloblasts for the nuclear structure is coarse and 
is much nearer to that of the normoblasts (the red cell precursors of normal 
marrow) 


THE PLAS3IA FROTEIN3 

The plasma proteins were estimated b} Howe s modification of the 
Kjeldshl method in eleven adults and in three children 


Plasma Pmotzins. 


1 

C*W j 

i 

Date 

Tot*L 

Albumin 

Globulin 

A/G r*t» 



Adult* 



1 

3 8.43 

7 2 

5 37 

4 S3 

0-40/1 


3 10 43 

7 S8 

3-03 

4 36 

0-00/1 

5 

* 

"■01 

3 60 

4-40 

0 B0/1 

i 

3. 1 1.43 

0 -0 

1 82 

4 04 

0 37/1 


lfl.15.4J 

0 40 

3 M 

2 03 

1 52/1 

4 


4 35 

2 71 

2-01 

1-08/1 

c 


0-05 

1 10 

6 84 

0 10/1 



'•08 

i as 

a SO 

0 28/1 



0 87 

3 10 

X "8 

0 82/1 



0-05 

5 12 

3-03 

0 Si/1 



8 SI 

1 80 

0 77 

0 27/1 

10 

"15-43 

7 54 

1 00 

5 -5 

0 18/1 
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The mean plasma albumin was 2-05 per cent and the range varied from 
1 10 to 3-02 per cent. This is much lower than the mean of about 4 5 per cent 
for normal. European adults The mean plasma globulin was 4 05 per cent 
and range varied from 1 ’44 to 6 77 per cent This is much higher than the mean 
of about 2 5 per cent for normal Europeans- The aJburmn/globuhn ratio is 
therefore reversed and was usually below unity 

DEATHS AND POSTMORTEMS 

Adults — T went) -five deaths, twenty-one postmortems seven cases had 
known gastro-mtestmal disease and are barely discussed fourteen cases had 
almost no naked eye abnormalities m the gastro-inteatmal tract and were 
studied more carefully Of these fourteen cases only five had been adequatel) 
examined in most of the routine procedures and are specially reported. 

Children — Ten deaths, two postmortems none are reported m detail 

Details are given of two adult cases for m them the investigations were 
fairly adequate they were under observation for a fair period of time they 
appeared to contract no terminal infection. 

Cast 5 Male Ruanda Native of some 20 Years 

History — Left Ruanda 3 month* prior to admroxm to walk to Uganda *cnou* 
food shortage* occurred and a monotonous diet of cooked cassava and plantain* was taken 
cm the way Severe twisting abdominal pam, low of appetite, Iooae itooh, limb paxn* and 
paramheiiae for 1 month. 

State — Miserable, thm, weight 102 lb profound anorexia and vomiting limited the 
intake of food Slight oedema of leg*. Hair atraigfat, soft and brownish. Skm widespread 
nxigh, dry cracked dermatewa on the back, thigh* and leg*. Stool* an to seven dally 
undigested atarch preaent, many ChUomastix mrsmh flagellate*. Pl**m* pr ot e in* and blood 
count as given m the imnmiry X ray report on the alimentary tract Jejunum showed 
coarsening of the mucosal fold* and segmentation- Barium passed rapidly mto the ileum 
which shcrwetl considerable irregularity m width. At 7 hour* the bulk of tbe barium was 
ftpl m the small intestine, the upper and. middle portion.* showed gross aegnveatatosa. 
ileum irregular m outline and m calibre At 24 hours the barium was just- entering the 
colon, which was abnormal in appearance the colon emptied rapidly " Achlorhydria 
to gruel teat meal. 

Autopsy — Much waiting of the subcutaneous tissues, rausdes, and 
internal organs Heart, oz. brown atrophy Kidneys nght, 3 oz. 
i left, 3i oz otherwise normal to the naked eye. Sections showed some 
l haemorrhage* mto the tubules, but no other change. Liver, 30 ox. section* 
j *howed marked congestion, some fatty degeneration slight malarial pigmenta- 
tion, Spleen, 4 oz., slight malarial pigmentation Few adhesion* around the 
descending and sigmoid colon in which the mucous membrane waa studded 
With small protruding masses, which were tightly picked together These 
Wcrt u*ually from 0 5 to 1*0 cm. in size and protruded about 0 3 to 0 5 cm. 
into the lumen of the bowel and were tightly packed like polypi. Very firm 
pr enure was needed to dislodge these maases from the wall on doing to 
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shallow ukerition was seen No macroscopic or microscopic signs of mlm- 
mation accompanied the superficial ulceration of the mucosa. The adheea 
miuei were composed of fibrm, bacteria, and veasts. No efiverbcuh. \i 
evidence of recent arooebmii or bilhama. The few plastic bands of sdkaw 
pcntomtis did not appear to have caused any obstruction. No aboonm&j 
detected m the sections of the stomach, duodenum, jejunum, ileum, or pancm 
No helminths found at autops\ No abnormality in the naked eye sppemaca 
or tn the sections of the longs, brain thyroid, pituitary or suprarenal*- Anrw 
red marrow in the vertebrae skull, sternum, and moat of the femur and a 
the bead of the tibia. 

Cast 6 Malt Ratnda A efrre of stmt 16 1 can 

History — Two month* m a famine area, bred almost entirely on caaaara. Drrtfixf 
loo*e nook, oede ma, states, pale iLm and bur 

R+JtolofV*] Exrmntafion of the Ahmmtrry Trwel — ** At the prehmmary txttds* 3 * 
the colon was tifhtfy distended with pi, ao that do bamtrn paaaed tha pylorus *t it* ou 
of 3 hours. Gnen an enema and pituitrm and a aeetasd bsmtm meal stomach oT* 
eery rapsdJr and the bamaa pi sard through tha email intestine veir ripidJy so 6* * 
2 hours it had reached tha hepatic flexure after winch transit became alosrer Tbr 
jejunum was cocrtisTentJy oamraed to a width of 1 5 cm, but was regular in entSe* 
normal pi tear tha Qeum was irreguiir m Its width and had coarse frrncular rn c ar aai 
Tha coion was normal. Diffuse o ste o p orosis was aern m aO tha bones ot tha skull, rertth* 
and lrmVn." 

Autopsy (within 15 minutes of death).— Little subcutaneous ht 
wuted muscles. Small amount of oedema of the legs 5 pints of ascitic Lv- 
S tomsc h, poorly marked rugae, but the latter appeared normal in the s=^ 
intestine. Colon, slight injection of the mucosa, which was covered by a® 3 
amounts of purulent mucus, but there was no ulceration. No sbcorenE^ 
was detected in the sections of the stomach (fundus, body and pylorus), .fa 0 ® 3, 
mid-*mall intestines, drum or caecum. The tran s ver s e and des cending c& 
showed scanty polymorphonuclear infiltration of the mucosa but no ulcenB* 
Laver i Zl\ ox_, yellow and fatty cut surface sections showed much 
degeneration and some cloudy swelling with considerable deposits of b*® 9 " 
sidenn pigment. Heart, small, 4 oz., brownish yellow nmsde sect* 3 
showed moderately scattered pigmentation, and bro w n atrophy 
left, 3 ox. right, 2| ox. sections showed some congestion and cloudy r*eW 
of the tubular epithelium. Pancreas appeared to be small, section apT 3 ™ 
normal. Two small Teem* saginata (each about 2 feet long) and five book* 1 * 3 * 

jumnmew srcoviurr to ootoxtc OAfnto-tNTExnxAL duus- 

A group of seven cases showed all the signs described In this *T n ^ rtf ^ 
but in addition they had chrome intestinal disease apart from the ho* ^ 
other point of distinction could be detected. Only one representative c* 
described- 
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Case 1 Male age 16 Years Bilhitziasis Diarrhoea, 1 month. Advanced 
clinical signs yellow hair pale skin achlorhydria to histamine marked 
radiological changes m the intestine the stool contained no inflammatory 
cells until shortly before death when Schistosoma mansora ova were found At 
autopsy no abnormality could be detected with the naked eye in the colon 
but sections of the pelvic colon revealed small collections of S rusnsom ova 
and slight surrounding inflammation. The liver revealed marked fatty 
degeneration, but no fibrosis and no Schistosoma ova. 

Response to Treatment 

Cases were at first given the usual hospital diet which consisted of the 
following average daily ration 6 lb of plantains 1 oz of meat, 1 lb of 
potatoes 1 oz. of beans This n approximately equivalent to calories 1 870 
protan 33 5 grammes fat 2-0 grammes, calaum 0 5 gramme iron 8 mg., 
vitamin A 2,500 international units, vitamin B, 1 8 mg riboflavin 1 1 mg 
nicotinic and 1 5 mg ascorbic acid 300 mg On this baste diet progress was 
slow in every respect. 

The effect of certain of the pure vitamins was studied on cases who received 
the basic diet. These cases were under observation for at least 10 days prior 
to the administration of the pure vitamin Aneunn (vitamin B,) was given to 
thirty three adults (twenty-eight orally five parenterally) m a dosage of 5 to 
10 mg daily and to twenty children (ten orally ten parenterally) w a dosage 
of 1 5 to 5 mg daily In twenty-rune adults and fifteen children definite 
improvement was reported by the patients usually within 5 days. Improvement 
was largely subjective and consisted in a marked increase of appctfte, an 
increased sense of well- bang and in a slow decrease m the paraeatheaiae m 
the limbs No change was noted in the oedema. 

Nicotinic aad was given to nineteen adults (eighteen orally one paren- 
terally as the nicotinic acid amide) in a dosage of 150 to 600 mg daily and to 
l erentecn children (fifteen orally two parenterally) in a dosage of 30 to 100 mg 
daily In fourteen adults and m fourteen children improvement was observed 
ttiually withm 7 days (Fig 4) This consisted in a peeling of the dermatosis 
The effect, if any on the diarrhoea, was not demonstrated. It proved impossible 
to assess which constituents of the diet corrected the gaatro-intestmal defect 
^hich seemed to respond only extremely slowly to the combined action of the 
bxtic diet, supplemented by liver milk, aneunn and mcotmic acid. 

Direr injections of crude liver extract were given to forty five non fatal 
patients twenty three of whom were adults and twenty two children. A 
satisfactory increase of red cells and haemoglobin, together with a reticulocyte 
cmis ’ occurred m almost all the cases m which macrocytic anaemia was present, 
and even in a few cases m which normocytic anaemia was present- (Blood 
counts were performed every 2nd day ) Ferrous sulphate was also given 
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present In this syndrome hare been produced b y Rao (1941) in young mxini 
fed on milled nee with supplementary foods In onl) small amounts. Ttej 
developed diarrhoea and passed undigested particles of food the hair bean 
coarse and sparse, the akin showed a scaly desquamation, oedema drvefcpd 
At autopsy fatty degeneration of the liver was noted, as well as slight chap 
In the skin and nervous system and advanced degenerative changes in tk 
gsstro- intestinal trace The syndrome was always fatal and advanced coo 
did mol recover even when the diet was nchly supplemented by all the ks» 
nuroini. Monkeys sat huddled up In a listless attitude, a dcscnptxe » 
reminiscent of the enfeeble immigrant labourers, squatting hunched « tk 
l' round for hours on end, almost too weak to rue. 

Coxcutsiata, 

Is this a clear clinical syndrome ? It is the opinion of many woikera a tk 
tropics that i ti a distinct and sepante syndrome and that it cannot be rfgutW 
■s pellagra beriben or nutritional oedema. No essential difference bss b«* 
demonstrated between the syndrome as it occurs in children and In 
apart from the rmnty of gross oedema and much pallor of the skin aod <rf ^ 
hair In adults. It follows that any term such as u kwashiorkor (the ml kf 
hi the Gs language of the Gold Coast) is an accurate term for the duo* ® 
seen in African children but It can hardly be regarded as a fortunate tn* 
for the disease as seen in adults, or for members of other races. Thu rrfa» 
is probably peculiar to the dark skin of the African this may explam ** rr ^ 
syndrome has seldom been seen In Asia 

It is possible that if this condition is found to occur as a result of d* ** 
in Europe that our knowledge wiE rapidly increase. Meanwhile it n»7 ^ 
termed perhaps malnutrition "or“ chronic starvation although h doosj* 
correspond closely to accepted descriptions of starved people who 
recover rapidly when food is given. Not so this syndrome appetite u F 0 *' 
food is poorly digested, absorbed and elaborated. It u for this reasoQ 
suggested the term “ malignant malnutrition (Tuctwzll, 1944) to sac* 
my col leagues m South Africa and found that on the whole the term c *°" 
mended itself to those who were actively investigating this disease. 

Sumuajtt 

1 Diets deficient in calorie*, protein and the vitamin B compk* 
other constituents produce a common syndrome of mainutndoo b&f** 
adults and children. ^ 

2, The syndrome manifests itself as a failure of growth, or loas of 
oedema, a gaatro-mtestmal defect, chart get in the skin and hair txsX^ 
fatty bver and alight neurological signs. 
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3 Detailed observation* are offered of the failure to digest food, of the 
deficiency bowel pattern, of the lowered plasma albumin and the railed plasma 
globulin, and of two autopsies. 

4 This lyndrome appeared to be distinct from pellagra and nutritional 
oedema, it it very resistant to any improvement m the di^t and to supplements 
of ill the common vitamins and the disease has a high mortality 

5 No satisfactory name hi* been proposed for this syndrome- Although 
kwashiorkor holds pnde of place, as a description of the red-haired African 

babies, it has been proposed that it should be called ' malignant malnutrition ’ 
(Tr dwell, 1944) 
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GROWTH OF PROTOZOA IN TISSUE CULTURE, 

1 PLASMODIUM GALLINACEUM E\OERYTHROCYTIC FORMS 

BY 

FRANK HAWKING • 

From the National Institutt for Mrdural Research London, A IF 3 


Thu paper describe* attempts to cultivate P gallinaceum in vitro At 
fint the endeavour was made to grow the asexual forms which are found in 
erythrocytes but the attempt was unsuccessful Then tissue culture* were 
made of cells containing the exoerythrocytic stages, and b> this technique 
vigorous growth of the parasites was obtained. 

Armors to Cultivate Endoerythrocytic Forms 

The fust important attempt to grow malam parasite* tn vitro waa made by Ram 

Johns (1912) their attempt m followed by many other*. The literature has been 
reviewed by Tbauth (1941) In brief it has been possible by simple mean* to promote 
the growth of small trophozoite* up to the stage of schizogony but evidence for the develop- 
ment i* vitro of a aecood generation of parasites a mostly unconvincing Tracis (194 1 
1943) working with P lopkurae introduced a number of technical imp ro ve m enta and 
•ueceeded m obtaining exfUgeHstion of the male gametocyte after culture m vitro for 
16 dayi The writer tried to cultivate the endoerythrocytic forms of P gaUmacrum using 
a method similar to that of Traoer including the salt solution which he re comm ends 
Extract of red blood cells was prepared by defib rmatmg and centrifuging blood the 
* crum was removed and the cell* were haemolyaed by fr e ezin g with sobd carbon dioxide 
■nd thawing they were extracted with two volume* of T rager a solution K.I and the 
mnd was separated from the cellular debris by centrifuging Infected blood cells were 
MJtamed from the heart of a suitable dude, and the blood was added to the culture medium 
in small Erlenmeyer flstVt The standard stock medium consisted of one part fowl serum, 
one part extract of red blood corpuscles and two parts T rager s solution K containing 
glutathione 0-2 per cent. 

*G rateful acknowledgments are due to Miss H. B Fill, DJc. Dr \\ Jacobson 
imd Dr F Jacoby for instruction in the techniques of tissue culture to Miss I M- 
Toniix B-SC., for the supply of mfected chickens to Mr W J Elford ph.d Mr 
fii. ^ OT ~ LgR » FHJJt Dr A- Niubehoer and Professor C Riminoton for the prepara non 
of tisane extracts and other assistance to Mr F \ VTelSH, rjLMA, for the photography 
■nd to Miss R. J BnaoH and Miss V D MajcKRam for technical assistance 
_ _ t NsQ 3-039 grammes KC1 4 100 grammes, N*H,P0 1 .H f 0 0-690 gramme, KH PO, 
-■613 grammes, NaHCO, 0 168 gramme, CaCl 0 106 gramme, MgSO, 7H.O 0 370 
tr-nime, MgQ, .611,0 0-407 gramme, d. glucose 2 377 g ramm es, water to 1,000 c.c. 
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The rest of tha technique was as described by Thaoti. All cultures »trt mefawd 
»t 37* C. incubation H 41 C yielded poorer results. Orowtb of th# fjuia n 
studied by maim* Ebro of the cells rucked off tha floor of tha flask and stsinin* w*i 
Grants. Counts wer* msda of tbe erythrocytes present m the wholt medium * od rf At 
percentage of cell* cun ta bling “ normal ** parasite* fa tbe cnon, The arbitrary atona* 
of " normal parasites was tbe presence of ctsOv dirts sfirkbablt c hurns tm- In ns 
esses, cneadusjons were checked by faoculatjoo of tb# culture into diickrTts, bet oa^ 
tbe morphological appearance of tbe p«ra*itea was sufficient alone tn show An jrox* 
was not satisfactory In scans cases a search was made for exffagellatfag mala gwotaxyte 
as described by T*agdi dark gtrmmd flJurnmation was found an excrOent method (* 
demanatratfag these, However sorrvt difficulty was sxpcrirnced, because room temptofan 
fa England In war-time srai often below tba rafabmrm tem p eist ura (? 17* C.) mjofcri 
for tbi* phenomenon. Exflagefiation was often observed fa cultures a hiefc bad fas 
mafatafaed for 3 days, but it was not obsarred liter than this time The effect of rrorrsf 
the medium at fatcrrmli of 1 or 2 days was examined an a few occasions without ofcserrtf 
milch benefit to tba parasites, but no treat attention was paid to this aspect. Tbs «**■ 
centratkm of erythrocytes was usually only about 2,000 to 3,000 per cunra. sod 4 * 
concentration of parasrtfcrrd cells about 200 to fiOO per r mm The volume of neiiw 
was so large fa comparison with that of tha cells, «b« ft was considered that »pocrx d 
the medium by tha parasites «ti do* Kkrlr to occur within the first 2 to 3 days, sol tfa 
If growth failed to occur (as It usually did) failure must be due to faith] tmaartabduy d 
the medium ritbrr than to its spoiling by tha pSrawtc*. 

In tbe best flasks tha percentage of paraanhed cells (tha parasites being jodfri bj 
tha entenoo of whether chromatin was distinguishable) was as high on tha 4ih dr a« 
was at jhe beginning m one eaprrfawnt tba count on tbe 3rd day was orer *00 per cr* 
of that at the atsrt and there were many small form# present but there are many p**j 
bdrttea of trthnkm] error in making them count*, and too much nrfiance should noebe p^* 
on them. A roars rr p rrscntatiTc erampla of a good experiment would be oot in *he* 
the count of parasitised cells (compared with tbe count at the start) was 3nd day ^ Jf 
cmt„ 3rd day 63 per cent., 4 tb day 58 per cent. Cells were usually degenerate by fa* *= 
day In some experiments, the cultures were tested by injection into chickens. Cikke® 
w era infected after culthatwc for 4 days and in on* case after cultivation for 3 day* _ b* 
the length of the incubation period suggested that less than 1 per cent, of the “fay 
number of psrxntes had turmrd. During the cultures there was a general tend ency ” 
tha p learned i* to increase fa sirs and fa numbar of pieces of chromatin, so that the p 
tion of parasites with sreeral nuclei rose In soma erperknents tiny mcoonudesr f** 
were found fa erythrocytes on the 3rd and 4 th days w hich suggested that a second te oe-.jtW 
of plaamodia had Mtn formed im rario but on tha whole achnogocy and wcCt*** 
in ration of new erythrocytes s euueJ to ba rarely accornplubcd- Tb# gsu wttxrtt* Ft* 
in she and aureired better than the other types of plsunodia, and on the 4th and 3<k dfa 
they srere often the only forms which srera not d eg m e is te. , , 

The strikingly favourable effect of rad cell extract upon the growth and wmfa* 
the parasites, described by TaAOis, was confirm ed. A similar beneficial tSxA 
ofaaerred with glutathione. The optimum concentration of glutathloeie appeared®** 
about 0-1 to 0-1 per cent. coocentratwns greater than thS were definitely 
srfafia con ce ntr ati ons lew than 0 1 par cent. »tn Jem actively beneficial CTttrinso*'* 
not repiaca gfatathions An attempt was made to ascertain the active principles h fa* 
c*D extract. Extract of red blood cells contafa* much glutathione but a nirituft* 
extract and glutathione promoted surTreal of the partakes better tlwn other .ettty ^? 
alone, so apparently the effect of the extract is dua to other constituents besid" ^ 
rlutathione. Extract alcoe or extract phts scrum was not a good medium for wjyT 
Hasmfa had no action. An extract of rat erythrocytes seemed to be beneficial sW**** 
probably less beneficial than chicken calls, ao tha action is not tnsocs specific- An 
of tha cells dialysed through t collodion membraoe promoted survival, so s*”® **, 
actfrs coostittients bars sail] moieeulea. Heading tha extract to 75 CL for 
mwdfi rt definitely toxic, end so did attrmpti to produce a protein frea extrset by 
of predpkatfcsi with metspboaphoric add and subaequent neutrmUxatlon. 'H* ** ,? ^t 
tiooa were kindly performed by Professor C. Rtscutorow (It must be mnemberot 
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tKc*c condurwra sre based on qualitative rmpreaikms rather than on reliable quantitative 
measurements.) The very concentrated red blood cell extract described by Tracer (1943) 
to tried, but it TO difficult to prepare and seemed less beneficial than the extract made 
zs described above. 

The effect of various mixtures of oxygen and carbon dioxide was tried, hurt results 
were variable and inconsistent. Measurements of pH (earned out at 18 C. with a glass 
electrode allowing only a verv short time for CO» to escape) similarly failed so permit 
any dear conclusion relatively good survival occurred at pH levels ranging from 7*0 to 
74 but m other experiments survival was poor withm these limits In tome experiments 
the cultures became slightly acid during 4 days incubation, m others they became slightly 
more alkaline. Survival of the parasites teemed to be somewhat improved by rocking the 
flask*, by mcotmarmde (0-0002 to 0-00002 per cent.) by pyridoxin (0-01 to 0*001 per cent.) 
by riboflavin (0-001 to 0 0004 per cent.) by p-aminobenxoic acid (0*002 per cent.) and 
by lrver extract cootammg biotm. The effect of pantothenate (recommended by TfiACra, 
1943) was studied m four experiments concentrations of 0-001 to 0-0001 per cent appeared 
to be beneficial but the effect was not great. Addition of fresh erythrocyte* after 1 or 2 
days appeared beneficial but m experiments m which partial renewal of the fluid medium 
was undertaken, the parasites survived no better than the control* and often they survived 
le» well. Survival of the parasites teemed to be impaired by heparin (0*005 per cent.) by 
glycerol (0 2 pet cent.) by 0 3 or 0*4 per cent, glucose, by ascorbic aod (0 2 to 0-025 
per cent 0-0025 per cent, had no effect) or by altering the ratio of sodium and potassium 
from that recommended by Tatcm. No influence on the survival of the parasites was 
observed rn the case of moattol (0-01 to 0-001 per cent.) of thiamin (0*05 to 0-0001 per 
cent.) of casein hydrolysate (0*001 per cent.) or of chick embryo extract. If the serum 
and red cel! extract were prepared from a young chick instead of from an adult fowl the 
survival of the parasites was not materially improved. 

It was concluded that apart from the beneficial effect* of red blood cell extract and 
gratathione the other agents investigated caused htde definite improvement m the survival 
of the parasite*, and that no substantial multiplication of the parasite* could be achieved. 
However the parasites can be mam tamed at 37° C m fairly good condition for at least 
2 days, which would be long enough for chemotherapeutic experiment* in cti ro analogous 
to those of Yorme: and ha colleagues with trypanosome# (YORCE and MCBOATROTD 1930) 
In a single experiment earned out along these lux* the minimal plairnodiadal concern 
trttvxi of qutiime hydrochloride seemed to be m the region of 40 eng per 100 c. c . after 
exposure for 24 hours, and more than 8 mg per 100 cx. after 48 hour* the minimum 
plasmodia d»t concentration of mepacxme methane sulpbonale seemed to be m the region 
of 1 2 mg. per 100 c.c. after 24 hours exposure and of 0 24 mg per 100 cue. after 
48 hours 

Attempts to infect chick embryos — In collaboration with Mm I M 
Tonkin attempts were alao made to infect developing egg* which had been 
incubated for 8 to 13 day# Blood containing trophozoite* of P gcdhnaceum 
wa» injected in a variety of wava ^together sixty nine egga were used. Most 
of these died m the a hell but fourteen of the chicks hatched out all these 
showed no parasite* m the blood at birth, but three of the chick* developed 
pxrantaemi* after 10 14 and 14 days respectively These results are similar 
to those reported by Wolfson (1940) and by Stauber and van Dries (1945) 
It ia concluded that chick embryos can be infected, but that they are probably 
m* susceptible than the hatched chicks are. The resulting disease offered no 
particular advantages for our experiment* 

Tissue Culture of Exoerythrocytic Forms. 

Since such poor results had been obtained during attempts to cultivate 
*hc endoerythrocytic stages of P gaUmaceum it was decided to try whether 
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tu»uc culture* made from organs containing txoerythrocytic form* might sot 
be more successful. A description of these form* wji given br mi 

Tate (1933) The initial rtfulu of the present expen menu hm kt* 
described m a preliminary note (Hawiung 1944) m which « renew of tit 
previous literature was given. 

Gavtilox Bo*kovt and LaU*xncw (1935) made numerous tspemroeno fa sbi 
from fo*U infected with P maerrm *u cultured in ntrt Mahra p«na*i 
wtre o rrer found h*tofe*iefalT m the** cnfturt* but on two oecaixn* material, eafc»i 
foe 1 And 10 day* rtspecmtry produced infections »hen inoculated into Mfeer fc*k 
Otb*r crpemwnts » ith tooculatjoo of cultured c1mu« yielded no faifeetiom. Hrcas 
WOLfaox (1859) »er» pnnwnly intemted tn Atte mp ts to determine » bethm etoerytl* ixyw 
form* were truly a tu^e in tifw-hWtory of p jf no d i* or whether they » trt resfly * •*$**■* 
■petneA of ptmfot Ahoyrrther They describe t fanjW rrpenment in whkh t*<ote» 
taken from a canary infected with P ctlkrotrrorm and cuibrsted fa rfOo. After 4 ihf 
mfaeml from the culture* w*» mocuUred mtn fresh canarie* and produced typfed tahcM 
wtth P caiKrmrrhcm rratcral taken at a later date was not effete r* m produdo* fafceti* 
ExoerytberocytK forma were *eentn amear* made from one culture on the 15th <faf « 
further mre«tt*tian h» been reported by these worker*. 

TECHNIQUE. 

The ducks used m these ex pertinents were usually 8 to 10 dir* cU d 
the time of inoculation Mosquitoes (AfJa aejjrpti) infected with P P*~ 
ttacnm were taken and the heads and thoraces were ground up to a «“■ 
amount of beparmtxcd plasma. The suspension was centrifuged for * 
tune at low speed to remove the grosser defeni and then It was injected »® 
Ttixmsly Into the chick*. Usually one mosquito wts allowed per chui ^ 
if more mosquitoes were available the tissues contained a greater nuffiD* 1 * 
cxoerythrocytic parasite* and the mcuhaooa period wa» shorter (Thu ofa 
turn of chickens arts earned out by Mia* I \t Tonkin ) About 1 drr W** 
the expected death of the chick, ut^ about the 8th to 9th day the chuk *® 
killed by chloroform. The spleen was removed, and minced with aa*** 4 - 
The fragment* were suspended tn Tyrode s tohmon and used as ImphB**" 
insert into the flasks. If smears were made from these fragments tad 
for parasite* in the usual way cxoerythrocytic forms could often be fa£» 
but much searching was usually required to demonstrate them and they *** 
quite me compared with those subsequently found in the cultures. Imp*** 8 
of other organs (brain liver or bone marrow) were prepared in the saa* *'£ 
In order to make culture* of the macrophage* m the blood, the Wood «■ **: 
chicken was taken from the exposed heart with a pipette and placed m * 
paraffined tube. After centrifuging the plasma was removed and * d rtf 
embryo extract was placed on the top layer (huffy coat) of the blood ^ 
When this top layer had dotted, it was removed washed, and cut into •*** 
cubes to furnish implant*. 

The earlier culture* were grown in roller tubes the uoplmti 
embedded on a thin layer of plasma phis embryo extract, and the flind 
was composed of twelve drops of Tyrode plus eight drop* embryo 
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Growth under these circumstances was quite good although the fibroblasts 
tended to outgrow the macrophages The chief disadvantage was the difficult) 
of sampling Portions of the culture could be sucked out with a fine pipette 
and smeared on a slide but since many of the cells were growing on the 
surface of the glass tube their removal was uncertain and they were usual!) 
much damaged in the process 

Accordingly a technique was adopted (with modifications) which was 
kindly suggested b) Dr F Jacobi (1944) Carrel flasks were employed 
Small glass slips were obtained bj cutting up No I cover slips In most of 
the present work the slips measured about I cm. square but the exact dimensions 
are merely a matter of convenience. In a flask of 5 5 era. diameter five (or 
*ix) of these slips can be used in one of 3 era. diameter there is room onlj 
for four slips. The correct number of sbpa is dropped into the flask and then 
by meads of a platinum wire the pieces ore arranged over the floor of the flask 
so that they he flat without touching one another Fowl plasma is run from 
a Pasteur pipette under each abp in order to glue it into position If desired, 
the flask can be put into the incubator for 1 to 2 houci at thi* point to ensure 
firm dotting alternative!) the plasma may be mixed with embryo extract 
immediately before insertion A a mall drop of plasms is then placed on top 
of each slip and the piece of tissue to be embedded is inserted into this drop 
As much fluid as possible is sucked off with the pipette used for inserting the 
piece of tissue, so that the implant remains glued to the slip b) onl> a thin 
coating of plasma The flasks are left at room temperature, or 37* C for 
} to I hour until the plasma is firmly dotted then the fluid medium is inserted, 
and the mouth of the flask is dosed by a rubber bung The flask is incubated 
at 37° a 


The fluid medium usual!) contained 20 per cent, of scrum obtained from 
young fowls Blood was removed from the heart by a syringe and needle 
inserted down from the base of the neck it was defibnnated by shaking with 
glass beads, and centrifuged usually the serum contained a little haemoglobin. 
Experiment showed that growth was not much more vigorous if the proportion 
of the serum was increased as high as 50 per cent, and that it was not much 
worse if the serum was only 10 per cent, fair growth occurred even in 6 per 
cent, serum Accordingly 20 per cent was chosen as an economical lei eL 
The medium also contained 1 to 2 c.c. embryo extract to 30 c.c of medium 
(embryo extract was prepared by mincing 8 to 10 day old embryos in Tyrode, 
3 c.c. Tyrode per embryo and centrifuging) The embryo extract was not 
Cucntj *l but its presence caused more rapid growth higher proportions 
tvere avoided, since it was desired to encourage the growth of macrophage* 
discourage that of fibroblasts The medium contained 0*05 pier cent, 
phenol red to indicate the reaction The initial reaction of the Tyrode $ 
solution used was often about pH 8 2 and during most of this work no step* 
Wctt taken to modify it. In later work expired air was blown through the 
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Tyrode to reduce the pH to about 7-6 to 7 8 before adding the other c*- 
stituents when the medium In the flasks ™ changed this procedure an 
omitted ai the contenu of the flasks were already somewhat aod. Feulr 
the medium contained peniallxn approximately 3 unit* per C.C. The itihifcj 
of the penialhn present in these culture* wii kindly measured by Dr A- T 
Fclltr m a culture which initially contained 1 5 unit* of pemcflCn per cx, 
the concentration of act ire penicillin was 1 unit after 1 day CM trmt after 1 
days, 0 3 unit after 3 day* and 0-05 unit after 6 days. The pemafim did ox 
interfere with the growth of parasites while helping to prevent the growtW 
bacteria. Occasionally heavy bacterial contamination occurred which dr 
penicillin was unable to p r e v ent at other times, however a few bacteria sot 
teen m the cultures but they disappeared later presumably on accrrat ^ 
the penicillin The penicillin was dissolved in atenle Tyrodes aolntwo o 
a concentration of 100 units per c.c. and added to the medium In an apfwo- 
pnitc dilution. The phenol red wis similarly dissolved in concrotnsd 
aolution in Ringer or Tyrode, a ten hied by autoclaving and added as reqnmA 
Accordingly in a typical experiment the composition of the medium was wnr 
20 per cent embryo extract 7 per cent, or less phenol red 0-05 per entf- 
penicillin 5 units per c.(^, Tyrode 73 per cent The medium wss 
e v ery 5 (or 4) days perhaps a shorter interval would often hare prorwrt™ 
better growth, but the 5-day period was more economical of labour 

Examination of the general growth of the culture was made bv inrertst 
the flask and inspecting the cells with the low power of the microscope. F® 
more precise examination the flask was opened and one of the glas* *Epi ** 
drawn into the neck of the flask by means of a platinum wire hoot The 
could then be picked up in fine forceps. 'The sbp was rinsed for a few sectX^ 
m Ringers solution (this washing was liter omitted) and then dropped 
methyl alcohol (1 hour) for fixation. In the later work Schaudinn waa 
Most of the slip* were stained for I hour in 10 per cent. Grcmsa buffered® 
pH 7 2, washed dried, and mounted in a neutral material (Gurr * nee 0 * 
mountant). In some cases the slips were stained with Deltfield s hscJmttrokk 
or Dobell s iron haemstoxvim and dehydrated by passing through alcohol 
xylol, etc Some cultures were examined in the hung condition by pf*®* 
the slip bearing the culture cells upwards on an ordinary slide, nMWteaJaf 
with Tyrode and using a water immersion objective identification of the pa 1 *" 
sites was difficult or impossible. 

Probably tins technique could be modified in many ways and g°°d l 
better) results could be obtained. , 

Some cultures were also made as hanging drops in a medium of 
part* plasms and embryo extract. Vigorous growth of cells could oof 
maintained for more than 2 to 3 days without changing the medium 
planting, which were laborious procedures often resulting in 
Growth of parssites was seldom obtained, and comma tHm as a stained 
non was difficult. Accordingly little use was nude of this method of color 1 
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Experimental Results 

When culture* are made from the spleen by the technique described* 
migration of rounded and of elongated cell* begin* during the first 24 hour*. 
During subsequent day* these cells migrate further afield and in vigorous 
culture* they eventually spread over most of the floor of the fink m a rather 
diffuse arrangement. The predominant cell is one rath circular or tomewhat 
stellate shape with * round or oval nucleus but there are many cells (apparently 
closely Similar) with numerous tapering processes no attempt has been mide 
to venture on the finer classification of cells in culture and both these types 
are included under the designation of macrophage Other cells are narrow 
spindle shaped cells with an elongated nucleus and these hate been considered 
to be fibrobiaatt they are most prominent in the early stages of the culture 
and after the first week or two they become rare Other type* of cell* axe seen 
m the 1st and 2nd days but they aoon die out After the first few day's one 
or more clear circular area* appear m the sheet of cells forming the colony 
These area* are surrounded by fibroblast* arranged circumferentially several 
cell* deep (Fig 25) Inside these areas the plasma of the original clot appear* 
to have been removed, and macrophages (spread very thin) grow over the 
gbj* surface thus exposed this is a very favourable site for examination of 
parasite* Parasite* may occur in all part* of the colony but they are usually 
most numerous m the thicker layer* round the clear area* slightly less numerous 
m the clear area* and relatively rare in the peripheral parts of the culture 
In many culture* after the first week or two the cells often contain numerous 
globule* or fine vacuole* in the cytoplasm, presumably an indication that the 
conditions of culture are not altogether satisfactory In older culture* (about 
4 weeks) large multinuclear cell* containing twenty or more nuclei often 
develop Such cells les* commonly contain parasite* After 1 or 2 month* 
the cell* gradually become more unhealthy m every way and their number* 
dimmish. 

The number of parasite* found in the early stages depend* upon the 
number of exoerythrocytic forms present in the original implant. Usually it 
ha* required long search to demonstrate exoerythrocytic forms m smears made 
from the spleen used to provide implants, but parasite* have been found fairly 
^sdy m the culture* after 2 or 4 day* incubation The development of the 
parasite* cannot be followed by continuous observation, but it* course may 
be reconatructed from a study of the different form* seen, which are reproduced 
In *k e illustrations The description given is based upon preparation* stained 
with Giemaa there has not yet been the opportunity for atudy by finer 
cytologic*! method* The earliest form is a small rounded parasite with a 
single piece of chromatin the apparent sixe depend* upon the age of thi* 
form and also upon the extent of it* flattening (Fig 1) The chromatin divide* 
into two and further divisions take place until eventually schizontt are formed 
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containing very manv (more than fifty) pieces of chromatin as shown m Tip. 
Sand 9 Forms are sometimes seen in which there arc tiro ro fire dear bine ctu 
of cytoplasm with the pieces of chromatin arranged as a single layer rosd 
them (Fig 10-11). This has been interpreted by Jamb and Tate ss the Ere 
stage of segmentation or schnogony and the subdivisions of the sdnront fcrt 
been called cyromeres. Their mterpretanon if probably correct, ahbocjlic 
the absence of continuous observation it cannot be proved it most be «tel 
however that sometimes the pieces of chroma tm seen in these forms spftt 
less numerous than m many other schironta which do not show this arrr^r- 
mmL The present technique (in which trauma daring fixation is praaxj?! 
absent) cfearly sbowi that the above forms are always m trace 11 alar moere 
throcvtic achuoms found in smears ovtnde cells have almost certainly snfeti 
mechanical displacement daring preparation of the smear 

At a somewhat later stage of development, ho w e v er large numbers d 
elongated menwortes (Fig 14) may be found Inng m astir octal/ the c&- 
These forms seem not to hare been fully described before They oewm 
about 2 4 x 0 Sp One end i* pointed while the other end u often rocnii 
The chromatin is round or oval, and often it seems to project beyond tbe ci? 
of the cvtoplasm a dark outer ring of chroma tm and a less dark centre cn 
often be distinguished. Often there is a granule in the cytoplasm wb*k * 
mostlv (bat not ahravs) at the blunt end of the parasite. Thts gnanh * 
presumably the same as the volutin granules seen in the intracellular 
(see below). It often occurs m cultures which appear healthy on the ode 
hand, m other vigorous cultures it u rarely seen. These menxroite* art 
Ouilr formed br the breaking up of tbe large schiaonts with numerous P* 03 
of chroma nn, bat the exact stages of this process are not altogether c5tf- 
From a itudr of preparations (such as Figs. 12, 13 22, 27 and 23) m 
the schtfont appears to be in the phase of disintegration, or to have 
integrated, it is considered that when the roerozoite* ere first KberattA> 
have a rounded form and that they become elongated as thev pass out t* “ 
boat ceD but a few forms have been encountered rn which the 
teemed to be elongated before they broke awav from one another The 
of the cytoplasm are often difficult to trace and at present no dogmatic 
ment can be made on the matter In these cultures the host cell is ctu np*^ 
filled by the masj of meroroites, as reported by Jamb and Tate co nects^t 


Fiat. I to fl - — Pennies with one to rune piece* ot c far ern st m. 

Fto " — Psnixtrs srrth granules end rscoolc*. posa&ly stryh ify deftnentr 
FiCS- 8 to 9 — L*fxrr whxronti , _ 

Figs. 10 to 1 1 — Sdnwnu intb the ciu-otmtin arranged round dear art** 
pLtvni (fonnoon of cjtotperes) 

Fto. 12.— A teiirrent brtsim J up into roett a c a tes. 

Flo. 13 — Ditto. tb« Dudeua and outline of the host ceD are ahown. 

Fio. H — Two jrrxjps of roeiaioste*. 

Fm. 15 — Dejmertltoj parssrtes with naw l ts and kw« of chrocnstin ro 
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parasites in the chick. It f* not certain whether the host tell a destroyed win 
the meroioite* are liberated or whether it survive*. When the m om at to 
emerge from the heat cell they enter adjacent crib and the cyde begun aym 
Apparently they remain within the immediate neighbourhood of their orja 
for distribution of the parasite* within the culture is very patchy *otne mu 
contain do parasites, while in other small areas parasites are very nmnersn 
and multiple infections of the cells arc common and intense. As maj m 
twenty parasites in one cell are not infrequent.* The duration of the cydcu 
not known A typical culture contains parasites at moat stages of dendopaent. 
However it may poosibly be significant that to date dusters of memoita krw 
been found only in cultures more than 7 days old. 

The cytoplasm of the earlier stages of the parasites often contains iimd 
vacuole it is not dear whether this la physiological or whether h uxSaaa 
early’ pathological change. In some culture* the cytoplasm abo con turn ttt 
or more granules stairung dark brown with Gi etnas (Fig 7\. There pirate 
are often in close relation to the chromatin. (They are depicted abo in Fig>t 
of the paper by James and Tatt.) Again it ta not clear whether they an o cat 
in healthy parasites or whether they are pathological Certainly they arc 
pronounced in parasite* which are clearly degenerating as rt shown by tte 
presence of large vacuole*, and (in some cisea) by the lots of chromatin (Fif W. 
The degeneration of the parasite* shown in this figure was probably <5* * 
the general degeneration of the boat cell in which they Jay 

The cells which contain parasite* are mostly the rounded crib irtai 
hsve been identified as macrophage*. Sometime* parasites also oatc * 
elongated cell* with long tapering processes which bear a superficial roembh*^ 
to fibroblasts (Fig 19) However Dr H B Fell kindly examined tcc * * 
these preparation* and considered that these cell* were not fibrobbtU W 
reticulo-cndothehaJ cell* 


The tissue moat commonly employed a* a source of there coho res k* 
been spleen, since thn la easily obtained and give* very satisfactory 
Good culture* hare also been obtained from bone marrow and fro® huffy 
of centrifuged blood but there tissue* require more manipulation to obc^- 
Growth from the liver 1* somewhat less good than from lpleen Culture* &** 
the brain have been unsuccessful in spite of the large number of exoerythn*7* 
forms which this organ coot* ms a fair growth of round cell* end of ceG* * 1 “ 
long processes take* place but no parasite* aumve. In a few exper®* 5 *' 
cultures have been made from the heart and lung*, but parasite* did oot f 0 * 


La fif 2 of the pretgn msr y not* (Histoto, 19-44) a duster ot atnofl 
in terp re ted — rfu* to eh* drraiori of a acfaixoct it ia mors probable that they 
tnurapie n/ecrion of a call, spread out when tb* maemr was made. 


Fro. 16. — CeO with araaH mononuclear parrertea. 
Fiqs. 17 to 18. — Ditto with larger paiysitea. 

Fio. 19 — Parssit* in retjcuJo-endotbdiaJ cefl. 
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Deration of the cultures — Living parasite* have been demonstrated by 
inoculation of chicken* in four different culture* after 89 days 82 day* 80 days 
and 5S day* respectively Termination of these cultures vru due to bacteria! 
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infection while changing the medium. Parana have been demonstrated cncru- 
scopically after bl day» culture it *hould be remembered that one Crrd 
flark cannot be sampled more than four or five tima since the number of |ka 
slip* u then exhimtetL In thae culrura the fluid medium was changed a 
5-day interval* to as to economize labour more frequent attention might km 
prolonged growth- Dr F Jacobt ha* kindly informed the wnter that tt a 
seldom posjible to maintain culture* of fon I macrophage* for more than line 
month* this fact would limit the duration of life which could be expected 
for any individual culture of P gtdbnacrum. However if the pantetr* c*H 
be iubmoculated into new cultura of uninfected *plcen bnue (tee below) 
there teem* to be no reason why they should not be maintained r* titrt mie- 
fimtely In view of the great amount of care and labour required to be let 
of maintaining cultura over a long period, further attention to tha siptd 
of the question was postponed. 


Ermrotuvntal ctmdiltam 

A few observation* have been made on the effect of environmental emo- 
tion* upon the growth of the parasite* probabh the effect of roost of the* 
11 exerted primarily on the cells sad aecondanly upon the parent ex Cooco- 
tranon* of serum grater than 10 per cent, (up to 50 per cent) do not prod** 
any marked improvement in growth some growth will occur in concentrate* 
of 6 per cent or even 3 per cent, serum but it is less extensive thin a $ 
per cent A trace of embryo extract improves growth, but it is not cwediA 
The cultura can also be earned out in extract* of embryo liver or spirt* * 
the absence of aerum (apart from that contributed bv the plaama taeii f* 
embedding the implant) in theae circumstances the growth of fibroid** 1 * 
favoured as compared with that of macrophaga Parana and cell* w2 F 5 * 
in atmosphere* of 10 per cent and of 40 per cent oxygen, as readily **»«*• 
Cells grow quite well in 100 per cent oxygen the position about po***® 
is not clear When the Basks are filled with nitrogen (traces of oxygen prt*zP 
growth of cell* and psrasita u very hmited under more completely insert** 
conditions as in a FiJde* jar no growth of cells occurs PenidUm in ct ** fir 
trations of 10 unit* per c.c doc* not affect gr ow th. Good culture* 
obtained in the presence of glutathione 0-01 or 0-00 1 per cent^ but do 
of cells took place m 0 1 per cent, glutathione. Red cefl extract (wc tbrt*? 
did not markedly influence growth. Since growth of cell* and parses* 


Fkj 20. — A l*nr mscrophsje conttinmj rune K hmmU, culture from buflt *** 

^*?ia II — M*crophs*e with two s clm i xiu with peripheral inot™ 1111 ^ 
jnann. Cutters from buflj coat, 6 day*. 

Fio 2Z — Scfdrom with forms two of cytnmere*, host ceil not shown. 

Fid. 23 . — Schtr oewr with the liberum of msTorate*. Tbs trQ* sr* 

Cutors fnxn spleen, 24 days- , ■ 

Fro. 24 — Met creates formed tfter schixofcny Cultura from spfeerv 13 
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already vigorous under standard condition* it would be more diffienfe * 
demon itrate stimulation of growth than it u to demonstrate it* imjaiOTtni 

Trvtsuusaom of purastfet. 

(«) To ckicktMi — If the fluid from the flask* 1* centrifuged and the dfpw 
l* crammed, a variable number of (partially degenerate) macrophage* a bsd 
together with parasite* at vinous stage* including roeroiate*. If tha Ini 
or a scraping from the culture is injected into chickens rntrapentneofir « 
aubcat*neou»hr infection occur* There is a latent period of about 8 to, 
and then a few trophozoite* begin to appear in the blood and to mew* a 
number but before they hive increased beyond a small figure f-t-, 5 * ^ 
per cent, of red cell* parasitized, tire chicken die* from infection of tit fcra 
capillaries by cxoerythrocvtic forms Accordingly the course of the mien* 
resembles that produced by injecting sporoxoite* rather than that 
injection of trophowates. 

(A) To other tissue cultures — As was pointed out above If the inhsa* 
could be transmitted to clean cultures there is no theoretics! reason » hr & 
parasites should not be passaged in nlrc as long as is desired. Certain np®" 
menu were arranged so that the Carrel flasks contained one implant of 
spleen together with four implants from clean ipleeti watch was manses* 
to see if parasite* would pass from the culture* of the infected spleen to d** 
of the clean spleen Out of ten such flasks transmission occurred «Jj » ** 
after incubation for 25 daya without rocking Three smuhr fla*k» *8*** 
up again the flasks being placed on a rocking machine to the fluid o*oB*® 
slowly from aide to aide m all three flasks infection could be detnee^** 
m the clean culture* of cells after about 17 day* however an attempt tPj** 
the infection • second time was unsuccessful. In other experiments the sa! ~~~ 
of an infected culture watt geotlv scraped with a spatula or pipette tfd 
scraping* were applied to the surface of the dean culture* temporanh 
of fluid this seemed to be the simplest and moat certain method of traflfttf n, » 
the infection, but here again a few attempt* at second passage* were 
cesafuL It t» concluded that tranimisaicm of the infection to clem cq ^° ^V | 
possible, but that it doe* not uke place readily this agrees with the ob* cn 


Fro 25 Pc riKip of the edge at n 7 Am culture from tha splwn. Oo 
** part of tl» nog of fibiobUsu sorroundina the dm *p*c» (cc riffcf) fa 
ph*r« sr* ( B5) , 

Fw 26 — Four trpoL! *chttont» tn * m*croph*f«- Culture from wHf 
lOdrr* < 1250) 

Fio 27 — A *chnc« doodmx mto meroiortt*. Culture from huffy cos* a™ 3 
(Senear preparation.) (x 1250) 

Fki. 28 . — A »dii*oot breakro* up into toetoEoite*. From »pWn *1“* 
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already vigorous under aundsrd conditions it would be more ififierfi k 
demonstrate stimulation of growth thin it is to demonstrate its onpamnen. 

Trannmmom of perns* trt 

(a) To chtcknti — If the fluid from the flasks is centrifuged and the dsptr* 
1 * examined. * variable number of (partial!} degenerate) mscrophjjw B fonf 
together with parasite* at onoui stages, including meroxmtes If thn fed 
or s sersping from the culture, is injected mto chickens intrapentwaSr * 
subcutaneously infection occurs There is A latent penod of sbeot 8 dm 
and then a few trophoaoite* begin to appear m the blood and to teorsx* 
number but before the} have increased beyond s small figure, eg 3 » * 
per cent of red cells parasitized, the chicken dies from infcctwo of tie tr» 
ca pi Danes b) exoerythrocytic forms Accordingly the course of the info* 
resembles that produced by injecting sporozoite* rather than that fcskvrj 
iDjecuon of trophozoite*. 

(5) To other tissue cultures — A* vras pointed out above if the info* 
could be transmitted to clean cultures there is no theoretical reasen »hy d* 
parasites should not be passaged tu n iro si long si it desired- Certain 
merits were arranged so that the Curve! flasks contained one implant of udorH 
spleen together with four implant* from clean spleen witch was 
to sec if parasites would pass from the cultures of the infected spins w 
of the clean spleen Out of ten such flasks transmission occurred ccly 111 ®* 
after incubation for 25 days without rocking Three similar 
up again the flasks being placed on s rocking machine so the fl**d 
slowly from side to aide m all three flasks infection could be dcoac*®'* 
in the clean cultures of cells after about 17 dav* however an attempt to jp* 
the infection a sycond time was unsuccessful In other experiments the ^ 
of an mfectcd cuhure was genth acraped with a apatuls or pipette < 
scrapings were applied to the surface of the clean cultures, temporanh 
of fluid this seemed to be the simplest and moat certain method of traa * y^ V 
the infection, but here again a few attempts at second passages ( 

cessful. It is concluded that transmission of the infection to chan 
possible but that it does not take place readily this agrees with the o^aerr*** 

Flo. 25 — Portioo of th* ed^s cf • 7 drsa culture from the ipictn- 0° 
w part of the no* of ghrobisst* lurroundms the de*r upset (oa rt*ht) In 
pbijes are grow m« (S3) , - i* 

Fm 28 — Four tvpscal schcconcs in « macrophafe Culture from runT 
10 drrv ( 1250) , 

r to. 27 — A schhuert dnrdma into metoeoucs. Coburn from fcMffv e** 1 
(3m<*r preparation.) (X 1250) . 

Fro 2S- — A achncont brc*k*ig up faun meraaoftes. From ipleen ■* 

(X 1250.) „ . t^wK* 

Via. 29 — Mcroeocte* formed by the bcralm* up of a •cfifw*’®- C 0 ™®* 

15 days- (X 1250) 
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described abo>e that infection is often concentrated in one small part 
of the cell -colony while other parts remain free. Merozottes do not readily 
pass for from their point of origin 

(c) To erythrocytes —Several experiments were made in which erythrocytes 
phis red cell extract were added to the fluid medium in flasks containing vigorous 
cultures The flasks were rocked. The erythrocytes remained in good condition 
for oYcr 4 days, but no evidence of their invasion b) parasites could be detected. 
However as was described above it is not possible at present to cultivate 
trophozoites tn extra and this absence of infection may be due to deficiencies 
in the methods of culture rather than to lack of power of the parasites to invade 
erythrocytes 


Cultivation from cry ptozottes and metacry ptozmtes 
The standard cultures described above were made from chickens infected 
intravenously with one infected mosquito per chick, and the tissue was remow d 
from the bird when a period of 7 to 8 days had elapsed i e not long before 
the bird might be expected to die from the disease At this stage the spleen is 
dark purple and greatly swollen, and exoe rythrocyti c forms can be demonstrated 
in it by careful search smears of the brain contain many exoerythrocytic 
forms An investigation was earned out to see how short the period between 
inoculation of the chick and taking tissue for culture might be made and 
growth of the parasites might still be obtained. The supernatant from a 
suspension of mosquitoes (mostly infected) was injected intravenously into 
chicks and the chicks were killed after a suitable interval which was made 
progressively shorter in each experiment. The spleen in chicks killed 4 days 
after inoculation was slight!) enlarged in the others it was normal in size and 
pale In smears made from the spleen of the chick killed 3 days after inocula- 
tion one schizont containing about 24 piece* of chromatin was found after 
long search in smears from the spleens of chicks killed after shorter intervals 
no parasite* could be found microscopically Cultures were made from the 
spleen m the usual way Samples were removed at intervals mostly after 
2 to 3 weeks for examination In addition pooled fluid from the flasks was 
often injected mtrapentoneaUp into chicks to demonstrate the presence or 
absence of parasites The results in thia senes of experiments are summarized 
m the table Infective parasites were found in culture* made from the spleen 
of a chicken which had received sporozoite* only 1 hour earher (The negative 
results obtained when the interval was only 15 minutes have no strong sign;, 
ficance, and the investigation is being continued.) On the whole the longer 
the interval between injection of sporozoites and removal of tissue for cuftcre, 
the easier it was to demonstrate parasite* 

In these cultures from chickens killed at a short interval after inocnlaaon 
the number of parasites is usually small, even after incubation for 2 
*nd the parasite* are concentrated into a feu foci as though each 
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derived from 1 tingle cel] Morphologically the form-t are idcntxaJ «rd 
thotc dc*cnbcd above all type* have been aecn in tbete cultural bat pirwta 

»cvuut or net»n«N'r* c< which to»vi ca. m n » t« urn* rxov toe (fun or 

CHJCEDC* XT \ KtlCX-X IXTOULI im* TlfTT UU1 KtXH r^OdLATTD rVTHAX tNOCH-T »rm 

•rawxomi or P rrnlix*cm. 



with a aingle piece of chromatin often predominate. A limited nu®^ 
tporoxoitet injected into a chick can produce a heavy infection thnxijboct 
whole bird in let* than 9 daya and even a tingle tporonnte moltipbfioJ 11 
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nmt rate would soon produce enough parasites to swamp the tiny volume 
occupied by one of these tissue cultures Since this is far from occurring the 
rate of multiplication in these cultures is clearly much less than that which 
takes place in vwo under suitable conditions The slow and scanty growth of 
parasites m these cultures under the present technical conditions, would 
constitute an obstacle in utilising this method to study the development of 
sporozoites of P ^aUtnaceum in avion tissues. 

Attempts to cultivate sporozoites — Sporozoites suspended in serum or 
heparinized plasma were obtained and were added to cultures of clean spleen 
tissue Some of the cultures became contaminated with bactena but many 
remained sterile (penicillin present) No growth of parasites could be demon- 
strated in spite of various devices such as increasing or decreasing the oxygen 
pressure, modifying the pH using cultures from various parts of the embryo, 
or incubating clean spleen tissue with sporozoites before implantation In new 
of the success obtained by injecting sporozoites into s chick and making cultures 
from the spleen 1 hour later, it seems probable that this failure to infect cultures 
of dean tissue by means of sporozoites was due to some error of technique 
rather than to any fundamental obstacle inherent in the parasite. 

Discussion 

The work described above seems to constitute the first satisfactory demon- 
stration that malaria parasites can be cultivated in vitro for any considerable 
length of tune but it must be admitted that this demonstration it restricted 
10 the exoerythrocytic forms of P galhnaceum and that satisfactory cultivation 
of the endoerythrocytic forms has not been achieved. The growth of any of 
these forms cxtracellularly although theoretically possible, seems likely to 
involve so many intimate problems of cell metabolism that its achievement 
may be relegated to the distant future Even with exoerythrocytic forms 
multiplication of the parasites seems to be much slower in tissue culture than 
it is in the chicken otherwise the small volume of tissue present in these flasks 
would soon become overgrown by parasites, which does not happen 

The hfe-cycle of the exoerythrocytic forms which occur in these cultures 
conforms with that described by James and Tate (193S) but the elongated 
merozoites are more conspicuous m tissue culture than in smears from the 
chick and the host cell is not so completely occupied by the parasite as seemed 
to be the case in their preparations In the present cultures there was great 
variation in the appearance of s chi roots but no evidence for two distinct types 
was obtained. The relation of the forms studied in this paper to the stage* 
intermediate between sporozoite and trophozoite (I l LTV * cryptoxoites and 
metacryptozoite* Davft s primary tissue phase) cannot be discussed satisfac 
torfly in this article Although cultures can be made from these early stage* 
it may be noted that cultivation is less easy than it is with the forms found 
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•bout the 8th day after infection and that very heavy in ocu latinos of tporwtcn 
into the chicken arc required. 

It is hoped that this technique will prove helpful in elucidating »ome d 
the still obscure phases of the hfe Vuatory of malaria parasites. It pewn 
eiarru nation of the effect of drug* upon one specific phase of the paras® (lie 
csoerythrocytic phaae) preliminary stud tea on this aspect hate already fceea 
made b> Mu* I \I ToxtlN Possibly the technique mil wrist a Bwh d 
the biochemical requirement of malans parautea, although it wffl gtoen-b 
be difficult to distinguish between effect upon the parasite and effect ®t*° 
the cell m which it he*. 

The present work has dealt onlv with P galhxacnm The smgfc eq*n- 
roeot reported by Httrtot and WotttON (1939) indicates that P 
can be cultivated in the same wav and work in this laboratory (earned set 
With the kind co-operation of Min A. Bailor d.*c.) has shown that the *** 
is true of P rtkclxm- Presumably ail species of malaria parasites m whsi 1 
tissue phase can be demonstrated ought to grow under these conditions. Tie 
possibilities of the method, however ire not limited to the cultrntw* * 
plaamodi*. Any intracellular parasite which Eves miide a type of ceil 
can be grown in vitro ought to prove susceptible to cultivation by this techanp^- 
In a few prelhnmary experiment* it has been found that Tryf^m «*•* aj2 
will grow vigorously in cultures of rat embryo (Hawa-fO 1915), and tbs 
numerous forms of Ltvimsma demonau can be found in tt»ue cuhore* 
from the spleen of infected hamster* The results of this and other sw* 
mil be described in later papers 


SCMMAKT 

A technique is described for the cultivation of the exoerythrocyW foo* 
of Piasmodntm galbn^cnm id tissue cultures of chicken cells of the macrophijr 
rcticuJo-endothehal type Culture* may be made from the spleen, boSf w* 
marrow and many other organa Active multiplication of the parasite* ott*®- 
The developmental cycle of the parasites under these conditions cflof*^ 
the description pven by J.vMfs and Tat* (1933) 

Living parasites have been recovered from these cultures after ® ( h rt ’ 
Growth occurs m the presence of peraallm, 10 units per ex. 

Chickens can be inocuhted from the culture* eroerythrocytJC i* 3 "' 
appear at an early stage of the resulting mfecttoc which thus rear® bio 
inf echoes produced by sporozoites rather than that produced by 
The infection can also be passed to cultures of dean chicken tissue hot £***£ 
is difficult and uncertain. It has not been possible to infect erythrocyte* o* 5 
thews culture*. 

Culture* have been made from the spleen of a chicken inoculated 
venomly With iporosortc* 1 hour previously It has not been possible touff°' 
cultures of chi cken cell* by means of sporozoite* 
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Attempt* were made to cultivate the eridocrythrocytic forms of P gal 
bnaefum using a modification of the technique described b) Tracer (19-11) 
Some parasites survived for 5 days but no satisfactory multiplication could 
be obtained. Survival of the parasites was greatly improved b> the presence 
of erythrocyte extract and of glutathione 
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A RAPID METHOD FOR DETECTING THE SICKLE CELL TRAIT 

BY 

G ROBINSON w-b., cm-, 

Sn ttm PolkoJa&it \fr£tal Rr trunk Instttulr A err*, GnU 0*crf 


\EUDA and Ro*n>rf record the occurrence of rapid tickling of red cor pads 
when a drop of blood from a esse of trekk cell disease it rnieed with i <fety 
of ferment broth prepared by mocuhting ordinary broth with 0-1 ml d 
the filtrate from an emulsion of formed farce* in saline. 

In an investigation of the obstetrical history of African women subtle 
tickle cdl trait, I ha\e u»ed broth culture* of vinou* bacteru for rapid deteroffl 
of the trait. Some bacteria behave better than othem in tha respect, and d* 
one most frequently used bv me ha* been Puvdomonas fits as turns Bs rt rrf, 
Staph aurtus B xvbiihs have alio been used. 

It u obvious that the ferment broth” of Neuda and Roaen a rta3r> 
rrvtxed culture of inte*onal organ urn*. 

It appear* that the presence of Ining bacteria i* necessary for the npl 
production of sickling by thr* method. The following observations bare brei 
made — 

I The filtrates, after filtering through Seitz Disc Eh.fi and Pa*® 
ChamberLand Candle Kl were inactive. 

2. Heat, 0TP C for 1 hour render* the culture* inactive 

3 Alcohol killed bacteria ore inactive. 

4 Stupendous, in salme or broth of bacteru from Agar culture* ** 
active without fun her incubation. 


Method 

A drop of a 24- or 48-hour-old culture previously tested for it* ,ctlT ^ 
agsmst known sickling corputcle* is placed on a *hde and a smaller 
huger blood maed with it, emered with a cover glass and examined tmdff 


microscope ^ 

In ca»c* with the trait, or with active sickle cell anaemia, stckGng ^ 

corpuscle* begin* to show in from I to 5 minute* in mo«t ca*r* 

90 per cent of the corpuscle* being tickled in 15 minute*. 

• I hire to express my thanks to Dr \\ M Howells, OJ L, Aetrn* D rectw 
Sen no, Gold Cocrt Colony for pnmmuxi to publish this note 

t Niros M & Rose*. M. 8 (I9Jt) J Luh cEn. 3/«£, JO (5), 45fi- 


- Oam Inua ►> H Jt OWT* Lt» . 
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LABORATORY MEETING 
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on 
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C M Wen*qn cxo c.b.e. *i.b., bjb., bjc,, fju 
P ran dent, in the Chair 


DEMONSTRATIONS 


London School ot Hygiene and Tropical Medicine 
Miss B GUchrtst 

Laboratory experiment* designed to study the factors which InGumee the 
the tamale moiguito is choosing a plate tor egg-lsylng 
Experiment* were earned out to determine if when offered a choice, the 
female of CuUx moltttus would select a particular concentration of a simple 
**lt solution in which to lay her egg* 

Prtlmnnwy experiments with solution* of aodmm chloride had shown 
that the female mosquito would readily oviposit in a concentration of 0 3 per 
or leas, but would aeldom do ao m concentrations above 0*9 per cent. 
In each experiment, therefore the mosquitoes were given the choice of dit- 
tdled water and three concentration* of the tame salt iso-osmotic with 0 3 
per cent., 0-6 per cent- and 0-9 per cent, sodium chloride 
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The result* of these experiments were thowa la the demonstration. Tier 
indicate that the gravid female shows a preference for a solution bmnj a 
ojmotic pressure equal to that of 0 3 per cent, sodium chloride, ii i etpeun ■ 
of whether the salt u NtCl, KC1, BaCI^H.O MgCKGHjO Ns-SO* K£0* 
or CufNOjJ^HfO A similar result rs obtained if tao-oamoOc sohitara tf 
sucrose are offered. 

It would seem, therefore that the female ia influenced in her chons Oder 
directly by the ormotic presaure of the solution or by loroe factor which tot 
with it at, for example surface tenaion or vapour preature 

Pro! P A Buxton 

TOm In eolotrr showing tsetse hmdiax places and tuts* wetrat la W 
Airies 

The film, recently taken m Kenya, Uganda and Tanganyika, dwarf 
typical haunts of G tat ana morn tans and ttcynnrriom air snapshots of cJer- 
ancc against G palp+lts such methods of study as the use of bait cattle, of 
cloth screens It also showed felling and clearing against tsetse, and a nnnjhff 
of pictures of healthy cattle, Milages and cultivation in areas formerly occapel 
by fly 

Dr J R Burin# 

Demonstration of sipsrimwtj on U» formation sf DDT cry** 1 * ** 1 
torfaes 

The insecticide DDT tends, under certain conditions, to form »«p tr * 
saturated droplets (from drying solutions) or super-cooled droplets 
thermally dispersed aerosols) These droplets may collect on surfaces 
remain liquid for weeks when undisturbed. But the contact of • punthw 
or an insect walking over the surface causes rapid cryatsllustion 

An aerosol smoke from the insecticide, Gammexaoe, was found to <kp°* 
remarkable dendritic crystalline growths on a spider s thread 

Col H E SbDTtt 

1 Slides of rUtmaJntm btonctm thin smsar and sasoairad 
f«t*d th* Uttar to skew jamftes nmowd from tits rtd «*■ 

In the ahde treated with saponin the erythrocytes have been remorm ** 
the parasites are lying free. By centrifuging, massive quantities of the W 8 * 
can be prepared. These parasites are still viable and will produce mb* 0 ®* 
If inoculated into a monkey 

I SOdw ot Tnxcpittmn rp 

A natural infection in a guinea pig from Malaya. Smear 
peritoneal exudate 

3. CUdt ol Wscri badias siowtn* list latsmal stroe tpr* 

All Negri bodies show im>er corpasdes varying in sue and number d** 
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are bat shown by the fixation, and staining method used for thi* slide, ne., 
finti rm m strong Flemming s solution followed by staining by the iron- 
ha em atoxyGn process 

4 Bertas ct lilies showing In leettons th* sandfly PhltboUnmn uiftnup es 
la it* act of fwrftoy 

The slides exhibit the stream of blood flowing up the proboscis, the * 
arrangement of the mouth parts during the act of feeding and the extravasation 
of blood at the Op of the proboscis 

6 Exhibit to show the contrast between concentrated and nn concentrated 
preparations d protozoal cysts In faeces 

The concentration method is that in use in the Parasitology Department 
of the London School of Hygiene and Tropical Medicine, and is a modification 
of Faust's method. Concentrations of twenty to forty times are obtained 

fl A stria of exhibits Him trad nx eodsml* human floorosb In India and 
China, and experimentally produced fluorosis In anfmah In India and 
England 

Endemic fluorosis was first described by H E Shortt C G Paxdit 
and T N S Rachavachari m 1937 in Madras Province where it was found 
in a severe form in certain cases The exhibit* illustrate this condition m 
India as it occurs m human cases Its occurrence in Kweichow Province is 
illustrated by the exhibits of Dr O Lyth while exhibits of human and animal 
teeth by Dr M. M Murray and Dr D C Wilson show the dental condition 
produced in England from the same cause The remaining exhibits illustrate 
the condition as produced m experimental animals in India and in England, 
by the addition to their diet of fluorine in different quantities and by different 
methods 

Dr J J c Buckley (Helminthology Department) 

1 Incidence and distribution of human helminths to Horth Eastern 

Rhodesia 

The results of helminthological survey in Northern Rhodesia were sum- 
marized in the form of a senes of maps illustrating the percentage rates of 
1 infection and the distribution of the principal human helminths in the Northern 
Province. 

2 BUhanhufs to human bladder 

An example of gross lesions of the bladder caused by S haematobium in a 
i native of Northern Rhodesia. 

* Experimental tafeetlon Of Simula#* «wm' with Onchocerca tohruhu 
Samdivnt ttcava was experimentally infected with Onchocerca volvulus m 

i Ny*nxa Province Kenya. Stained sections of this vector killed at varying 
intervals after an infective blood meal, show the developing larvae of O volvulus 

* Original preparations of Prof A Lems dtmonstratini the migrations 

of bookworm larrae to a doy (Exhlbtt kindly lent by Pro! B T 
' helper ) 
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Dr G Macdonald, with Mr H S Lceaon (Entomology Department), 
tumeurtratfcm fflntratlcx malaria In th« Lcrant. 

The exhibit referred to the Lebanon, Syria and Palestine, which co a rotm 
a single geographical turn and consist essentially of a ray narrow coastal pita, 
a eoajtal range of mountains in tome place* reaching 9 000 feet, a rift vdrr 
— the bate of which nnd in altitude from 3 000 feet above to 1,300 feet hchr 
tea lcvd an inland range of mountain* and to the eait of thu a vac apt* 
of dam. Rainfall decreatea from the we*t to the east, and on the whole th 
tempera rare a • in table for the transmission of malaria from about Mrr ^ 
October Map* which were tbcnm illustrated these feature* and nuAed tb 
mott malarious arcas- 

A tenet of photograph* illustrated normal and abnormal breeding pben d 
the four malaria camera. Amphtln xaeAaron typically breeding to »» t -r* 
and pretent aim oat throughout the coastal plain and the nft ralkr A*#^ 
nptrpirtus typically breeding in shingle-bedded streams and tattered thnejh 
out the two mountain range*. Anophtln cletmjrr typically breeding m the 
weather in tubterranean watera and, therefore, confined a* an important 
to itolated loaditje* where tubterranean storage is common. AropkAn wrjra 
pretent only in the eastern part of the area and breeding in mmole itepip* 
and streams. Adult haunt* were alto illustrated. AD these four raotq^ 0 
infest house* * table* and tent*. ^ 

The chief method of control wu by *itc telecuon bated on map* 
after detailed survey of the entire country The preventjon of breed®! *** 
in the bands of Anti malarial Control Units ** under the general sup* 1 ™* 0 
of a Milana Field Laboratory Much reliance was placed on water 
merit, canahzaoan, drainage, flooding, flushing and such Eke met* urea, *" 

lamades — the principal one uted and tDastrated in the exhibit w** f®* 
green and water by the method of AxiZ (1939) which proved the best 
for the tTpical rxperfxcttn breeding place. Suppressive t i c at m erit wa* 
resorted to in a few isolated troop*, and a few group* along the Tnrtub 9®“* 
affected by breeding on the other aide of rt. . 

The result of control waa illustrated by a hutogram giving the 
instances of cases in Ninth Army which amounted to a total of 43 5 " 

per annum. 


Dr R F Tredro (Uganda) 

AmpMtf p t wUm nr mrUi as a fsrtor In tit tncMroe* W fflihri* ** *** 
Ttelnttf of Fnritsn Estuary tn 1*4] 

By charts, disgram* and photographs the following item* writ l#** 
strated — 

1 The difference between the egg and larra pecten of Atopkd* 
and A. gawdtmt var mdas as described by Mcn*H£AD ThoMSOX and 
respectively j,* 

2. The Mangrove Bdt and the particular breeding place* of A- 
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var widas m Avicennis Mangrove Salt Marsh , the distribution of Avicennifl 
Mangrove along the shores of Freetown Estuary 

3 Anophelme vector indices and comparative number* of A gambtae 
A gambtac var melas and other ” anopheles caught at groups of catching 
stations on the southern shore of Freetown Estuary between \berdecn and 
Waterloo during 1943 

4 Dissection result* for A gambtac var melas (1 000 mosquitoes) were 
Sporozoite rate 4 2 per cent , oocyst rate, 4 7 per cent. , total infection rate, 
7 8 per cent 

5 A permanent method of control tide exclusion by embankment 
construction at Aberdeen. Reduction in A gambtac var melas population of 
Aberdeen village shown by catching station results for the years 1941 1942 
snd 1943 

14 -Col W R M Drew and Major Kendall Dixon 

Three methods wire shown lor maklnf Mood Dyli estimations after fifty 
test meals, in eases of sprue 

(a) Opacity of the serum. (6) Chylomicron counts of capillary blood, 
(c) Chemical methods 

Dt F Hawking 

(a) Cultures of Plasmodium rdtetum ( b ) Lcishmama in tissue culture 

Dr William Hughes and Dr R B T Baldwin (Nigeria) 

Slides and photo graphs ffiostrttin* nutritional dsfldandas (arflwflaTlnosls 
and icaromotrtahla) 

A.1 Photographs demonstrating the connection between aribofbmnosis 
and kwashiorkor 

2. Sections of hver showing fatty infiltration. 

3 Sections of skin from kwashiorkor showing parakeratosis. 

B 1 Photographs of children suffering from nutritional achromotnchia 
? pantothenate deficiency 

2. (i) Hairs showing lots of pigment in acute stage (n) Hairs with 
pigmented roots taken during recovery 

Major E Deal 

Sac freak ' malantl slide* from the teaching material of the Royal Army 
Medical College. The slides were chosen to illustrate the difficulty of micro- 
scopical diagnosis. 

Mr I H Grundy 

Dnwlnjs of •niomoloxical 

An exhibition of black and white original pen drawings part of a sene* 
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designed to illustrate the life histones of arthropods of medial Imptetaa. 
Most were drawn from living specimens, ill to the same scale of 16 dmaetm. 
Those shown were — 

1 Anopheta wtaadjptmos atroparmt* \AH Thiel, 1927 

2. At in afjypu (Linnaeus 1762V 

3 Ptihcuha humwtttJ capita DtGttR, 1778. 

4 Pedicvhts fnanama corpora DeGeer, 1778 

5 PhiJnma pub * j (Linn aeus, 1753) 

6 XmoptyUa cknpu (Rottocjiild 1903) 

7 Cmtx lectulanta LrccAEVi 1758. 

8. Sarcoptn tcabn (Lrs'Xiccj 1753) 

9 Some wings of Cal ypt crate flies. 

Dr B Milam os (shown by Col H E Shortt) 

PhstofTsphs UhutrsUa* psllajra sad lamias oedsma U ssse h &«■ 
inrtn* ths OsnnsB occupation 

Demonstranon, by means of a senes of twenty three photographs, of 
widespread results of fsmtnc conditions in Greece dunng the German 
Italian occupation of that country Three predominant types of mihratrt** 
were represented but these merged, one into another so that the bno 
demarcation were not sharp or dear cut. The types were (a) General cede* 1 
(5) General emanation, (c) Great emaciation with ascuea. 

In children the emaatuon was very pronounced as shown by the wnEie 8 ! 
of the akin on the limbs. , 

The later photographs aherwed the improvement produced as * rt * 3 ^ 
rehabilitation measures, m spite of the difficulty of obtaining the corm* * 
sufficient food for these measures. 

Vitamin treatment, before the supply of adequate and proper food f 1 ” 
no benefiaal result*. , 

A* regards pellagra, this appeared at a later stage of the occup 1 ®**^ 
only after the onset of mdder conditions in spnng with an increase of tart****' 

Major Janet Ultra 

Preparation* o! riektttalal snspsmltrai for ths fiacniwh at typ*® 
Rickettsial suspensions are prepared according to the method 
Dr Forrest Fulton of the National Institute for Medical Reaeirch, 
stead. Murrne suspensions are made from infected rat lung* inocuiattd ^ 
nasally epidemic (louse-borne) from mouse longs. At hartest, the 
almost completely consolidated and contain abundant rickettsfac- 
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grinding up the lung*, the nckettsue are separated from gross particles of 
tissue by differential centrifugation The resulting crude emulsion is treated 
with approximately 6 per cent, kieselguhr (Cehte 244 Johns Manyille Co ) 
which appear* to absorb fine tissue debris, leaving an almost pure suspension 
of nckettsiac. This is concentrated by centrifugation suspended in a small 
amount of buffered saline (pH — 7*0) and preserved with merthiolate (1/10 000) 
The concentrated suspensions are stored at 4° C and diluted for use with 
physiological saline to match a Bad cah suspension of 500 x i0 % lrtd 

Rickettsial suspensions are ideally suitable for the serological diagnosis of 
typhus fever but their main use is to differentiate between munne and epidemic 
(louse-borne) types Cross-tgglutination occurs but the homologous titre is 
always at least four time* as high as the heterologous The antigen serum 
mixtures are meubated at 37° C in a water bath for 18 hours and the reading 
is made under suitable conditions of illumination— a viewing box with strip 
lighting— immediately after removal from the water bath- Pro-zone forma 
tion is very liable to occur with high titre sera and it is important to carry the 
test to a sufficiently high serum dilution, 1 40 960 

Mo I M Tonkin 

Exoerythxocjtle forms of Pimmodum bphurat In turkeys 

Plasmodium lophurae was isolated from the fireback pheasant (Borneo) by 
Cooqeshall m 1933 (Arrter J Hyg 27, 615) and was found to give a heavy 
infection in ducks by Wolfsov in 1940 (J Parasst 20, Suppt 28; The 
parasite has since been used extensively in Amend and to a limited extent 
in this country in the study of chemotherapy of milam. 

In spite of the heavy blood infection obtainable in ducks, all efforts to 
demonstrate an exoerythrocytic phase of the parasite in this host and m chicks 
have met with failure. 

In 1944 it was heard that Dr R. j Poster and Dr Laxrd had found 
exoerythrocytic forms in turkeys. Accordingly, two turkey chicks, 14 days 
old, were infected by the intravenous injection of sporozoites of P lophurae 
from A ajhoptdus mosquitoes the birds receiving approximately the equivalent 
of thirty and fifteen infected mosquitoes m 1*0 c.c. and 0 5 c.c. of Rmger/chick 
•cram respectively 

On the 6th day after infection blood smears showed 1 per cent, of the 
red cells to be parasitised, the birds looked quite healthy but died during the 
night of the 6th to 7th day Blood smears taken postmortem showed 7 per cent 
of red cells parasitized. Smear* of the brain and sections of organs to far 
examined all show the presence of exoerythrocytic forms. The morphology 
of these forms closely resembles that of the exoerythrocytic forms of P gal 
knacaxm 

These forms have been grown in tissue culture and further details will 
be published later 
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Dr H C TrowtU (Uganda) 

Tb* kwasklorter syndrom* : 

1 X-ray pistura o! a M Isflsleofy bowsl patUm.“ 
a. Photifraplu showing tb* ro*onss ol tb# israatosii frraoi k 
rvrUfn advtnesd eases) to nkotifllfl add 
l Xlm Mops? sections to show fatty dsf*»*r*tton 

The kwashiorkor syndrome (or a syndrome of mail grun t milmjtnt»a*) 
I* probably the comnwMit milnutntional disease in Africa, south of tb 
Sahara. Yet it it but little recogntxcd. It haa abo been reported IQ tie We* 
Indiea Cases have been deaenbed In Pohah adult refugee*. 

By courteay of Dr } Scott Biown X ray fibro of deficiency borri 
pattern ” were shown. Thu u a fairly constant feature of kwashiorkor la 
significance ta bat little understood It must surely reflect an abnormal fancm 
of the myenteric plexuses but It may be premature to ascribe this to a deficiency 
of the vitamin B complex. 

By courtesy of Dr Johth Gillxian and Dr Theodore Gnxiaa, Ew 
biopsy sections showing fatty changes, were shown. Little was known 
the pathology of this syndrome for myself I paid little attention to the Sre 
and considered that the fatty change was a terminal change and of Ettle Rj*- 
ficance Liver biopay haa demonstrated that fatty fiver li an early and axatz* 
feature of this syndrome, that it does not respond to nicotinic sad, thus* 
or riboflavme but that desiccated hog s stomach quickly restores the hep** 
lesion. In some twenty caaes of tha syndrome In childhood the clinical rap®* 
to desiccated hog's stomach has been, in my hands, most gratifying If ^ 
work is confirmed, they have contributed much to our knowledge of the p**" 
ology of this syndrome and at the same time it* cure. It remains to 4 && 
what are the hpotrophic substances pr es e n t m hog’s stomach. 

Early cases of tins syndrome show failure of growth, oedema and p*" r 
of the African skin and hair Advanced cases show a dermatosis wtoc£> 
reflect a deficiency of some part of the vitamin B, complex. Photograph* « 
an ad oh case, responsing to mcotmk add, were shown. 

It is to me a pleasure to demonstrate these specimens to those 
and to Dr Czcilt Wiljjaiii, who originally described kwashiorkor anJri*^* 1 ^ 
that it was a new clinical entity To this view I now subscribe, altbcef 1 
one time our viewa appeared divergent. 
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I have recently returned to England after a continuous absence of nearly 
five years of which the last two were spent in the United States In that 
country a serious attempt is being made both to improve the teaching of tropical 
medicine to the undergraduate student and to develop postgraduate teaching 
in this subject. Great Britain is held up as an example in this country, it 
i* claimed, where admittedly we have greater opportunities — and, they seldom 
miss the opportunity of adding greater responsibilities — for the teaching of 
tropical medicine, full advantage has been taken of these opportunities I am 
raid that while I was in the United States I waa often guilty of perpetuating 
that misconception How great a misconception it is, I did not realize until I 
returned to this country a few months ago Any lead that we may have held 
m e field of tropical medicine we are rapidly losing and if a war that was 
wsged largely in tropical regions has failed to stimulate us to teach even the 
diagnosis and treatment of the commoner tropical diseases to 
the thousands of students and doctors who are now— or had not Japan collapsed 
tmght well have been— serving m the tropica, the outlook for the future of 
tropical medicine is indeed black. 

In tIu » country tropical medicine appears to have been relegated to 
place of a specialization about which the general practitioner need know 
nothing and with which the ordinary undergraduate student should not be 
urdened. In the Goodenough Report for example, the existence of parasites 
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other than bacteria si apparently not recognized and there 1* 410 *UEge*tm 4 a 
the undergraduate atudent need be introduced to diseases which trt ut 
prevalent in hi* own country wberea* under the heading of pongnina 
teaching, chracal tropical medicine 1* di* mitred u a tub/ect that cannot poadh 
be taught in this country 

In the training of the phynaan (ream lait>) it *eems to me very dooWd 
if tropical media tie ihould be considered a* * specialization at all, m the tax 
that i» radiology ophthalmology or even paediatric* in which tpecsd tto£s 
are made in limited field* The science of medicme t» concerned wdh rf* 
study of Man, in hi* reactions to pamitizafton, to hi* cnnrooioeot and nctnace, 
and to degenerative processes Thu t* true of mediant in the arctve rtpan, 
in the temperate zones, and in the tropica. The external mfloenee* to 
man it subjected may be different in each care, but, as man and the geasl 
principles of hi* reaction* remain easentisHy the tame, different ippmciod* 


not seem 10 be justified. By confining our studies to man * reactwo* ® #* 
group of parasite* the bacteria, and to a comparatively ttandirdned ttt d 
environmental and nutritional condition*, we are limiting the scope d th* 
*tudv and thereby stultifying medical science What we can learn from ®j*‘ 
reactions to condition* that prevail mainly in the tropica wdl freqaeotfr be « 


the greatest value in our ttudita of diacaic* encountered in the temperate w» 
Further many new Unea of thought have actually been Marred by toveatipw** 
in the tropica. Perhapa 00 c of the most ttnlong examples is berihen *“ ™ 
vitarom*. Even today otwmn ddiaenczea can be atudled w them crude* 
moat eartiy recognizable form* in tropical population* and a* a rcauh Kn ‘** 
defiaenaea, that are to frequently nmked when they occur in the tonf** 3 * 


zone*, are now more easily recognized and readily corrected. , 

Any liberalization of the outlook m medical aacnee cannot Mart *ad 
in the research Libor* lory but murt be Fully apprecuted by the tesdxt sad 
instilled into the ttudent, if it u to be real Further teaching and 
should shear* run along more or leas parallel fines It seems to me there** 
to be entirely wrong to seg re gat e so-called tropical medicine in tf< *** 
that it ha* been segregated m the past, to introduce the atudent to the 
only amongst the pathogenic parasite*. and to teach him virtually 


the jiathoJogy aymptomatology and therapeutic* of tropical diaeate*. 


L'hDE*CXAOUaT? TtACWMO. 

There are of course practical difficulties to be overcome. Tl* s **^ 
important is the danger of further overloading the eumcuhim h cr * rrtT ^ ; 
feel that much could be done to obviate thi* by introducing the itoded ^ 
pathogenic tmenoorganutna and worm* and teaching him somethm? ^ 
rystrrrstica, morphology and physiology of selected representative* j 
ptnBtei of man, m hui premedteal yean and by extending the tc*® 5 ^. 
bacteriology to include all the nacroorganmn* and worms that rosy 1 * 1 
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parasitize man (and incidentally by changing the name of this subject from 
bacteriology to parasitology) The important and essentially clinical diagnostic 
methods used in tropical medicine should be included in the teaching of clinical 
pathology This will leave the pathology, symptomatology, and therapeutic* 
of important tropical diseases to be taught m the systematic lectures on mediane 
(where these are given, or in n special short course of lectures, where they arc 
not) and in the wards and out patient department when the occasion arises 
Finally, tropical disease* present excellent examples for the teaching of the 
general principles of preventive mediane 

A difficulty will arise in connexion with material for the practical classes 
in parasitology and for the teaching of clinical pathology and histology In 
the United States this difficulty was fqced wry early in the war , the Army 
throiTgh the Army Medical School at Washington, undertook to obtain and 
distribute suitable material to all the medical schools in the country nominally 
on a reciprocal basis Actually at first they gave out about ten times as much 
u they received from the other schools but later some of the schools through 
their tropica) connexions, were able to contribute much material to the common 
pool, and the organization is now receiving an abundance of material from the 
thousands of students who have been through the two-months’ course of tropical 
medicine at the Army School and who are now serving in various tropical fields 
Whether the Army will continue to undertake this task after the war does not 
seem certain but they have not yet indicated that they will discontinue it The 
scheme lias proved so valuable that it will undoubtedly be continued after the 
war even if the work has to be handed over to some other organization. 

The teaching of tropical pathology in the medical schools is also aided 
by another Army organization the Army Medical Museum prepared sets of 
lantern slides of over a hundred subjects mostly histological sections but a 
few gross pathological specimens and clinical subjects were included. A 
list of these slides was sent to all the medical schools, and the slides that they 
isked for were sent to them free They were also given to other persons engaged 
in teaching tropical mediane I was myself given as many as I asked for 
several dozen and I now regret that I did not ask for more. Later this museum 
prepared another set of about 120 slides mostly in colour Of these they 
prepared only about a dozen sets as they were more expensive to make they 
did not give them to the schools but lent them for periods of up to three months 
One could not reasonably expect the same degree of co-operation from the 
Army here, as the services have not shouldered the responsibility for under- 
graduate medical education in the way that they have done in the United 
States but it should be possible to establish an organization, similar to that at 
the Army MedicAl School m Washington at some other institution in this 
country 1 am speaking without any authority but I believe that work of this 
kind would fall within scope of the Wellcome Foundation 

The next difficulty is the scarcity of clinical material The importance of 
clinical teaching cannot be over emphasized but the scarcity of clinical material 
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mart not be used a* an aci af fa- complete mien on. During ha two nm 
of caracal nwk the student expects to see examples of rant of the comra 
diseases of the c o u ntry in wbch be u wodemg but be will not tte e Liir p'ri «f 
rranv others which be btH be expected to diagnose and treat should be e ncoxnr 
them liter o hr* practice, \roong the litter are i r mm m f ccnota 
such *1 tvpbajd and toiDpca, which todrv art so rare in sani t ari ly admxJ 
countries that the average s*udent never sees them, vet nobody would »eiKn«h 
cugjm tha* thcr be onrttrd from the camcnhntu Surely we should 1 bp. 
the trre attitude toxrzrdi tropiad disease*. In those seboob tn wfcsi tin 
are avntanaae lecture*, the important trop-cal disease* coaid be c ov e red rerr 
adequately with the aid of a pood *et of lantern slide*. p r e f er i hfr ta cuaut, <r 
beter sub wrth anenxi film*. but a verv gre at deal can alto be dace a de 
wards if the torhfT hitoseH u sixSnenth - coasauu* of tropical iS wi h. T» 
frequently hr is cot I have seen a first nre «-T»«nnan and teacher dscun C 
treat length a ca v of undiagnosed splenomegaly without rtwnoonmg mica, 
fcala-axar or tJarowmci. and ta another in stan ce m t case of cfcrrc 
clceraave cohtn amoeSasis was pereraptorilr dismissed on a single repent 
stool examination, though later the comb non cleared op e an relT after a 
coarse of emetine. Frequently t he fault ha in the teacher * complete rpaxc* 
of even the edtnrr.ee of many tropical disease*, an ignorance of which tec cfe 
be it apparently mere proud than ashamed. 

It wrD be difnenh to adjns. thi» defect suddenly bowrrrr an extfc 
op-xeTunrty will ante during the next frw peart when not only will tie* ** 
an tr. crearm; number of cut* of tropical disease among the perxocnd of d* 
force* and mmg ernhan* whom the war ha* taien into the tropic*, bet diet 
wiB be many phrr.cant returning from itma m the East who *2 
acquired an interest m tropica] prohJem* and a certain number will b< ^ 
reajv to namtxn thtar mterer after their itluiu to thi* counter Tb* *" 
undoubtedly lead to a temporary stimulation of mterm m tropical dres** 
throughout the country but the problem will be to trep op thii mterm. * l * 
certrudv true that nr trrvd ha* made the world smalter that per*cea 
to or Tuatng tha country br air from the tropic* wtD amxe weD wch 3 
meubanco period of alrnosi aU tr o pi cal darnei. and that therefore m 
instance* person* with tropica] diseases wiD pas* the most vtgdaEt *3^^ 
beahh authorrtre* and when thee become ill wdl seek the adnee of thcr 
pracrrocoer on whom will fall the reyponjihafirr of miVmg a dugneK*- ^ 
on the whole such instance* will be rare in the experience of anv one 
and rt wen* doubtful if they will provide a ra Spent trmtr.ha to m ctraJ ^ 
m t e rert of the medical profession m t r op i cal disease* ante** thi* eSE***- 


fostered m some other wax naturahr or artificially . v 

Perhap* the eace st of the natural way* of fostering tha interest g 

mvohmg the home research worker in tropical problem* and m 

doter ceCibomnan between ri^eajrh worter* m Great Brrtam and 

m the tropical fields, in the Colonies, in I ndia and Burma, m the 
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and in other tropical countries possibly with arrangements for short term 
exchanges of personnel. There are many tropical problems of which the basic 
experimental work (e g synthetic drug chemistry and pharmacology) could be 
earned crut satisfactorily in this country even without clinical material in 
other instance* a well-organized ' tropical diseases centre in London or 
Liverpool would provide all the clinical material necessary for preliminary 
investigations and in yet other instances the work may have to be done 
entirely m the tropics. Wherever the work is done the practical applications 
will have to be in the field, and although there are obvious advantages in having 
u much of the work as possible done in Great Bn tarn if the home worker is 
not familiar with the tropical conditions m which it is to be applied, it will 
be essential that at all stages a very close liaison be main tained between the 
home and the field workers 

I am not now considering medical research as such, but only in its rdle 
a* a bus tamer of the interest m tropical disease of the physician and teacher in 
Great Britain and therefore I feel that the greatest advantage will be achieved 
if home research workers on tropical problems are mostly associated with 
teaching institutions In the past the emphasis in tropical research has been 
on the aetiology and prevention. In such investigations the major r61es have 
been played by the parasitologist and entomologist whose counterpart* in this 
country have seldom been closely associated with undergraduate medical schools 
There are of course many a etiological problems still to be solved, but the centre 
of interest is now tending to swing towards chemistry pharmacology bio- 
chemistry and clinical pathology other than parasitology and there is certainly 
room for much more research m physiology and histopathology all familiar 
subjects to the teacher and student in medical schools This will all help to 
narrow the gap between so-called tropical medicine and let us call it 
temperate medicine, and to make the home physician realize that tropical 
diseases are after all not so very exotic in their pathology and symptomatology 
even if their modes of transmission are somewhat complex and unfamiliar that 
one can take an intelligent interest in them with little knowledge of that very 
foreign subject, entomology and that there is nothing essentially improper or 
even funny in mentioning the name of a tropical disease to the undergraduate 
student, when the occasion arises which it frequently does, m almost any 
dtscutnon on differential diagnosis for example. 

"Sir Wilson Jameson has suggested that, if there is to be a state medical 
•ervice, it might be possible to arrange for the personnel to do short terms of 
* CTV1CC in the Colonies. This would certainly broaden the outlook of a large 
number of medical men, as well as being very beneficial to colonial medical 
practice, but it would be even better if the suggestion could be extended to 
mc lude prospective holders of teaching appointments m medical schools. 

As an artificial way of mam tuning interest in tropical diseases I would 
*uggest that examining bodies especially those concerned with the higher^ 
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qualification* which teacher* and consultants art expected to -pancn reth » 
the college membership*, should demand a sound knowledge of «t kia dr 
commoner tropical disease*. 

PotTCJUDiMTT Teaching 

In this connection we in Great Bn bun mil bold all the aces, bat rt fa cw 
apparent disinclination to take advantage of the position and to play our cmh 
properly that u so disconcerting It would m deed be a tragedy with carmderrbic 
political and financial as well at medical repercussions jf we were to sBea 
Amervca or any other country to take the lead in the postgraduate teaching of 
tropical mediant and to attract to that country doctors send even psntsa 
from the Dominions the Colonic*, India and foreign countries who wock! 
otherwise have come to London or Liverpool. 

In his Memorandum drawn up for the Council of th*s Society Bngsic 
Hamilton FMSun told what was being done in other parts of the wtrd, 
including America. I think that I hare a little more intimate and ctrtaadf 
more recent knowledge of whit is being done there Although the plan* fa 
developing tropical schools m Nor lork and San Frarvoaco are cofisidwiWc, 
they have not yet been developed to any my great extent. I have bttie ifccM 
that these plans mil eventually mature but in the meanwhile we have the '«7 
great advantage of already having two experienced staffed and equipped seteefa 
in England, « well as the smaller school* in Scotland- However * txSaS 
school without a close hospital association would be oothmg better tloa i 
cramming institution and would not be allowed to exist m Great Britain fa 
America) today similarly no school of tropical medicine can hope to be * 
Irving and progressive institution without clinical matmal for research and 
and for keeping alive the interest of those engaged in teaching, perhaps 
more than for the demonstration of cases to srudeots and as a source ef 
material for laboratory classes although the latter two are themselves suffiae* 
reason* for the demand for a tropical diseases hospital. 

I undettund that in Liverpool a satisfactory though poasibly temporal} 
arrangement for clinical matmal has been worked out. In London t hat * 
an abundance of clinical material which will certainly show a marked meres* 
during the succeeding years, but at present there « no hospital where rtj*“ 
be collected, and I am entirely in agreement with our Pamfttsr and Bril'® 1 
Hauh-TOn FaulLFT m their suggestions that our most crying need todW * 
a tropical medical centre To such an ms mutton, all side persons 
from the tropics could go for diagnosis and treatment, whether they « rc 
log front an obviously tropical disease or from some other comfit** 
should be available not only the services of experts m various h tT3C ^ c ^. 
tropical medicine but also tho*e of general physicians, turgeotu and , P°^ i TT 
in other branches of medical science. For this reason the tropkal 
centre should, in my opinion, be closely asaooated with a medical aebcol 
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contact would be of the greatest benefit to the staff* of both institutions (and 
thus indirectly as well as directi], to their students) since if the home physician 
is liable to forget the existence of tropical infections the tropical physician 
usually tends to in 'estigate hi* cases on rather set lines and sometimes fails 
to take the fullest advantage of modem methods. Whether it would be possible 
to persuade the Array the Navy and the Air Force to co-operate in such a 
scheme* though obviously it is desirable that they should, seems uncertain but 
even without them it will be possible to maintain a very active centre with a 
large variety of tropical infections always available I am here considering the 
importance of such a centre from a limited point of view It is also an urgent 
need from a humanitarian point of view as today the plight of the sick empire- 
bunder returning to this country is really a serious one 

I have said before that there is in London an abundance of clinical material 
This will perhaps be an appropriate moment to raise a point regarding a common 
misconception about tropical diseases namely that in medical practice in any 
tropical country one will immediately encounter all, or at least a very large 
variety of the diseases that are usually labelled tropical. Actually there are 
few if any place* in the world where one could see a better selection of tropical 
diseases than here in London It seems to me that this misconception is reflected 
m a sentence in the Good enough Report 

This report includes the following paragraph — 

While a man may acquire a considerable amount of theoretical 
knowledge and become reasonably proficient m certain laboratory processes 
it u abundantly clear that he cannot be given an adequate clinical training 
in tropical medicine m this country Therefore we suggest that, having 
obtained his theoretical and laboratory instruction here, a student wishing 
to specialize in tropical medicine and hygiene should be required to hold 
approved hospital appointments m tropical countries as part of the pre- 
scribed postgraduate training and experience in this branch of methane. 
What do the framers of this report mean by an adequate clinical training 
tn tropical medicine ? Adequate for what ? In the average hospital m the 
tropics a student might see an abundance of cases of one or two tropical diseases 
and isolated examples of a few others, and, in the case of the former being 
able to follow them through all their stages he might become thoroughly 
experienced m the diagnosis and treatment of those one or two diseases as 
they occur tn that locality but when he goes to another tropical country he may 
weli find his concentrated experience quite useless or even misleading and it 
will certainly not justify his posing as a specialist m tropical medicine. 

The object of a course of tropical medicine should be not to make the 
student an expert in ail tropica! diseases but to equip him with additions! 
knowledge, which tune did not allow him to acquire during his ordinary medical 
course m order that he may take full advantage of the opportunities to become 
* n «pcrt that will be provided in his subsequent practical experience in 
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whatever tropical countries he rurt*. Cfinial instruetkm should pfay a 
important part m, but should not dominate, this course. The postgraiatr 
student should already po*»eas c sound knowledge of awe taking and pbjwd 
diagram* and if he doe* not, a coon* of tropical medicine ia not the pba 
for him to acquire iL The approach to the patient should be rery mock tie 
same m the tropica n in i temperate climate, and of ccrane, as airm, is 
approach will have to be modified according to the circurmtancei in wbek tk 
patient is seen Actually to the student in a clinical lecture the value cf tk 
exhibition of one bo* pita 1 caae at one stage of the disease, though comdrakk, 
t a mainly prychoiogical, whether the hospital it in London or in Sierra Lea*, 
because the picture that the pauent presents is often so far removed from ike 
of the typical case encountered m it* natural environment that it nu? k 
actually misleading 

However if any university college or school wished to institute a ktghff 
diploma in tropical medicine which would give the possessor a specialist* or 
consultant s status (I seriously question the value of such a project), tie* 1 
would suggest that they should demand in addition to the above course, seven! 
year* not months experience under approved supemnon, and certainty w* 
*11 in bo* pi tali, in not one but two or more tropical countries, and a period « 
independent experience in yet another before the candidate U allowed to oil 
his final examination the main part of this examination should be tht {** 
sentatioo of a thesis on an approved subject which must Include aome «*k- 
pendent and original research work. 

I am not proposing to discuss here the question of the staff require^** 15 
for a school of tropical medicine or the syllabus for an adequate postgrals 3 * 
coarse of tropical mediant bat, as at last year'* Annual Meeting of the As* 1 * 33 
Society of Tropical Medicine I read a paper on this subject, I have bceejit 
two slide* that I uaed on that occasion and I will show them. 

Table I. SooosrraD Stluukb. 

J QanstolaS'y sad the G*ocr*phr of tb* Trcptc*. 

3. Ethnologic*] Studies. 

3 Ectoocdcs. 

4 MsdicsJ Orsc»n«*iiQo hi Tropical Countries. 

3 public H**bh in th* Tropic* — 

<*) Vital statistic* roomlftT tad tnorbid/Ty data. 

ti) Simple statistical mtthoda. 

It) Edncwtioo sod prop*fanda- 

(J) Houatog. bospbal corutruction, aanhanem and water wippG**. •*“ 

enctoeerin# , , m, h 

(«) Measure* W midgatu tb* effects of heal, and tb* tnainteoance t< w*" 
the tropics. 

if) Efod«nk>io*y 

fjr) Special m*a*ur*a of disease control. 

6, Phyuoiofij of Hot C&saica. 

7 NutrWoo and the Common Deficiencies in the Tropic*. 

8. ZooiofT 
fl Entomology 
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10 Push trilogy including the study of helminths, protozoa, nckettsiae ipuochaetes, 

b*cteni and other fungi and vmise* 

11 Herpetology 
12. Pathology 

13 Haematology clinical laboratory testa, and biochemistry 

14 Pharmacology and Therapeutics. 

15 Tropical Methane correlating lecture* on individual diseases. 

16 Qrrueal Teaching 

17 Tropical Skin Disease* 

18 Tropical Eye Disease* 

19 Surgery in die Tropics. 

20 Obstetrics m the Tropica 

21 Tuberculous m the Tropica 

22. Venereal Diseases m the Tropics. 1 

23 Psychiatry in the Tropics. 

24 Nursing m the Tropics. 

25 Medical Adminrstn ti on m the Tropics. 


Table II Suggested Staff 


The full time staff should include — 

1 Professor of Tropical Medicine and one or two assistants. 

2. Professor of Public Health, and one or two assistants. 

3 Professor of Parasitology and two or three assistants. 

4 Medical Entomologist, and an assistant. 

5 Epidemiologist and Medical Statistician. 

6 Biochemist- 

One medical member of the whole-time staff should have had experience with an 
industrial concern m the tropica, another should have been a Government servant, and a 
third should be a woman with tropical experience, the last might well be additional to 
the above. 


(Some of the assistants might also be employed as teachers in the associated under 
graduate school) 

The following subjects should be taught by special assistants in the various departments 
m the associated medical school — 


1 Pathology 
2. Pharmacology 

3 Surgery 

4 Tuberculosa. 

5 Skm diseases. 

6 Vtaereal disease* 


7 Eye diseases. 

8 Obstetrics. 

9 Paychatry 

10 Physiology 

11 Nutntiaail dii 


The remaining subjects should be taught by other members of the staff of the medical 
school, or university 


This scheme was drawn up for a School of Tropical Medicine in the 
United States and especially for a school associated with a university medical 
school. 

I would just like to add that, although I feel very strongly that all the students 
who take the course ahould attend some lectures on all these subjects the time 
has perhaps come when special provision should be made for those who are 
proposing to specialize m tropical hygiene such men ahould be required to 
attend longer courses in some of the subjects and shorter courses in others, 
*od should also undergo probationary periods with experienced field workers 
in country m which they are going to work, or if they axe to be given a 
higher diploma in tropical hygiene, m two or more countries, os was suggested 
for the higher diploma in tropical medicine. 
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I have made my remirki u concise u pcaslble m order to aQer it 
maximum time for a cbacusaiott on this subject which I feel a * realty superae 
one not only for those like ourselves who ire a pea ill) interested m tropai 
mediant but foe the profeuion *$ * whole I naturally cannot eipert t£a 
all of you will agree with all that I have said, but I feel confident thit wcxrf 
you will agree with tome of what I hive said, and I hope that many d p» *d 
agree with much that I bate raid. If my hope u fulfilled I would then HJr» 
aik the question Where do wc go from here ? " I would prefer flat j*j 
should all disagree with roe entirely than that vou ahoutd agree ui pnnafle 
and then let the subject drop If vou arc not prepared to do anything *i°* 
this matter 1 am afnud that nobody else will 'Hus Soaetj h» m the 
primarily devoted itself to scientific matter* and bar seldom attempted 0 
influence the policy of the profession I am ien reluctant to suggest ^ 
tli ere should be tnv departure from previous practice, but ceverthekM I & 
feel very strongly that at a ume when so mam changes are taking place » df 
profession aoxwojw? should sponsor the opinion* of those of ui who art a** - 
cited in tropical media ne Surelv thi* could not be done roort apjwojta^ 
than b) thu Society 

There are two point* that I have tried to etnphaaixe parttcubdr 
evening namely (») the neceaaitv for making the undergraduate student c attacai 
of the existence of di*ea*ea other than those that occur common I r is k» p* 1 
country and (it) the urgent need for a hoaprtal in London that wiQ *0 “ 1 
dmical cenue for teaching and research tn tropical mediant To lb* 1 
point I have devoted leas time a* the case haa already been presented »o d“ r 
by Brigadier Hamilton Fauu^v in hi* memorandum of 16th January ari *° 
forablv reiterated bv our President in hx» recent inaugural address, b 05 * *** 
felt compelled to raae it again amce such action aa w»» taken 
been particularly fruitful It is a matter of very great regret that Brtp*® 
Hamilton Faitturr n not here tonight however I fee! confident ®* 

would be the first to deplore our using hia abaence a* an excuse fw a 


anv action that might be taken 

I have two definite proposal* to make (i) that this Society shcadd 
a memorandum on the teaching of tropica! mediant ” to the anderp 3 ®''" 
student and arculate it to umverntiea, medical school* examining bod*»> 
other* likely to be interested an Great BnUm and Ireland and ponawj 
the Dorotmona, Colonic* and India, and that it should endeavour to 112 ^ 
a* much intereat a* posaible in tfu* roemorandum and m the subject 
through the general medical pres* and bv other mean* and (ti) 

Society should endeavour to obuun direct representation on all 
concerned with the policy of the teaching of tropical media oe ” bod* ^ 
graduate and postgraduate, or with research in tropical diseases, which <* ***** 
ml! include camnnttee* concerned with any tropical diseases ho*p*°^ 
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Discussion 

Sir Philip Manson-Bahr There are some points in Dr Napier s paper 
with which I would agree but I should like to sec that much abused 
poor creature — the medical student — alienated with regard to his curriculum 
and not have fresh burdens put upon him. Those who have recently attended 
the Corrntm of the Royal College of Physicians will know what these burdens 
arc — psycholog) social medicine industrial medicine m addition to other* 
Are we now going to impose on him the whole gamut of tropical medicine ? 

'With one suggestion which has been made I should like to express m) 
emphatic agreement, namely that the pre medical studies should he rendered 
more humane, more associated with the diseases of man Win should not the 
medical student stud) the Entamoeba hutol\ttca instead of the pond amoeba ? 
Why should he not study an intestinal worm such as Atcans instead of the 
lowly earthworm ? Wh> should he not consider the crayfish as a vector of 
important human disease ? That would create ideas m hi* mand which would 
remain for the rest of his life It is a mistake to assume that undergraduates 
in medical schools do not get some modicum of tropical medicine m their 
studies They most certain 1\ do 

I myself ha\e been lecturing at the London Hospital to medical students 
for over 25 years I know full well that m recent decade* both dvsenten and 
mslana have been set as questions in the pass examination for the M R.C S 
and L R.C P I owe m> existence here tonight to the fact that at the beginning 
of the last war they set me a question on dysentery which I happened to know 
about otherwise I should not have got the M R C P mainly because my 
examiner* were themselves ignorant of the subject. 

I have been engaged in clinical teaching for a great man) years and have 
men by all stages in tropical medicine from that of a demonstrator to that of 
s clinical physician I beg you not to overload the tropical curriculum thst 
the student becomes so crammed that he forgets those very essentials which 
he came to the schools of tropical medicine to I earn 

On looking back on my career the best days for tropical medicine in 
London were those when Mansos was at the helm. He and those associated 
>nth him turned it into a human affair The\ saw that the students knew how 
to make blood films and recognize a malaria parasite when the) turn one and 
they went on hammering at parasites and intestinal protozoa until the students 
knew is hat the Entamoeba histolytica looked like and did not forget it. 

It is a most important thing when a man knows hit microscopic work, 
but if we make the course too elaborate he tends to forget what he was first 
taught. I do not believe that the students who have been turned out m recent 
years are as reliable as former!) in the science of tropical medicine The) 
have not got the same microscopic background. 

On the subject of clinical tropical medicine I should say this I have 
aim*)* tned to teach it from the differential diagnosis point of new I hare 
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never looked upon mvtelf u a tropical specialist, or a* one who can <nh bx 
at disease from the tropical aspect. The ideal teacher should be a wtS-gnweid 
phrcain he most know the ordmarr diseases and keep hnrttclf fxraiEtr rd 
the trend of ernlurarr methane If he is introduced to a patient with an drjri 
spleen he mint be able not only to enumerate the causes of its enbcjmec, 
but be able to impress upon hi* students all the nassrtudes that on msec 
differential diagnosis. He must know that kidney disease and fiver &xm 
annulate malaria, that people with infected antra or sinuses mar develop npn 
which simulate malaria verv dosefr He has to eft the wheat from the del 

That as the right way I consider to teach clinical tropica} med-cre c 
London. We * herald hare, for example, a case of malaria oa the one feed 
and a case of tail axar on the other We should hart a map sbcwTxg tie 
distribution of these two diseases m order to emphasize the necesutr ofkaornj 
that each particular disease has a peculiar geographical distribution. Tic 
the student has ra front of him a senes of slides and renew* a demomtre* 
of t £e other blood conditions which mar grre rise to enlarged spleens. 

We here in London laboured for 25 years at creating * reaUr t£ad 
Hospital for Tropical Diseases. It got to a certain stage and then it cnahd 
through no fault of mv enrn or that of anybodr else in this country We b 1 * 
to sun aD over agam. But are want a different tptnt abroad. Thm a c* 
one big London hospital where I hare not been asked to go to detnomner 
a case of tropical disease — freer abscess kala-azar sprue, or amoebic 
— the students hare all crowded round, and cverrbodr ha* been most icTrrrtsd 
Then they have asked me to write out the treatment of the case, and I Lu 
said, ** I suppose you would not mrod lending me this case for one tSvruxa 
to teach on * ” Thor rtplr has always been. Oh, no we don t get suet * 
case very often and rt a very interesting for our students." I hrre gone <a ® 
ask whether iher could let me have it and have been told only tf I p»d ftec* 
ambulance and all expense*. 

Sir ^yr^iX^K Hujocb once said to roe, “ There is going to be no c&Sd" 
about rt- YU the London hospitals which have tropical diseases will * 0 ^ 
to von. What has been the result ? 

In 25 rear* I hare only had two cases from outside sent to me. 
described as an interesting case of malaria from Un iv er si ty College 
bat when thf ambulance drew op there rolled out the most obsexf-r. 
mouthed old sea captain you can cnagme with definum tremens 1 On the ^ 
hand, there do pars through London tame most mtrrwQcg case*, I cCC1 \. 
in Stratford a case of kali axar from China with enlarged glands W 
It was impossible to do anr more about it. although that man was * 
and I had a perfect right to look after him m our hospital How are '** 
to get other people to hand over their interesting cases m the trojscd 
get them concentrated into one centre * j 3 , 

There are a great many other thing* tint I should Eke to s*r * iat 
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hope and pray that tropical medicine will remain amplified rather than over- 
elaborated, There are quite a number of other questions which look very well 
on paper but do not work out *o well in practice and should be left alone. 

Prof R M Gordon Dr Napiers interesting and stimulating address 
will no doubt lead to argument, but argument is the sign of a healthy society 
snd although we may differ on many minor point* I venture to predict that 
roojt of us here tonight arc in substantial agreement with the principles Dr 
Naffer has expressed For my own part I disagree with him on two important 
points The first is the suggestion to alter substantial!) the existing DTM & H. 
courses the second is that a angle great tropical medicine centre be formed 
in London where all sick persons returning from the tropics should go for 
diagnosis and treatment. But I shall return to those two points later 

Dr Napier has suggested that this Society should try to influence the 
policy of the profession as regards the teaching of tropical medicine I agree 
and would propose that it recommend to the General Medical Council that 
vrhen the medical curriculum is reorganised provision should be made for the 
teaching of elementary tropical medicine, particularly mslana and the dysenteries 
m the final years and that in the first years the ecology course might be altered, 
to include the human parasites While agreeing with Dr Napier a suggestion 
I am glad that he has drawn attention to the danger of trying to add anything 
■p preaching a comprehensive course of tropical medicine to the moating under- 
graduate curriculum. Most teachers find that with increasing experience of 
teaching their subject, the tendency is to present less and less material to the 
student and spend more and more time in instilling it A small amount of 
fundamental knowledge, well absorbed, is of some real and permanent value 
while an ambitious and extensive programme rapidly passed over leave* with 
the passage of time, but httle re«due of deposited information. 

Some of my colleagues m Liverpool who like myself are concerned with 
the teaching of parasitology to veterinary students, have had experience of the 
unfortunate results of attempting to crowd more information into an already 
over burdened course For example in the veterinary curriculum for the 
4th year which deals with parasitology on attempt is made to cover the main 
parasites of domestic stock throughout the world, with the result that the 
itudent graduate lacks a sound knowledge of the much more b mi ted range 
°f species which he is certain to meet with in his everyday practice in this 
country Year after year we have observed this failure, and we believe that 
the sooner tropical veterinary parasitology os at present taught becomes part 
of postgraduate study the better 

Let us now consider postgraduate teaching in tropical medicine. Before 
doing so it is necessary to make clear thst whenever reference is made to the 
teaching of tropical medicine it includes tropical hygiene, which, in my view 
c *nnot be separated from it. 

What subjects should be included in this postgraduate training in medicine 
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and hygiene and what period of time u required for thar atmmbtiro * I> 
N.mn hai ibown u* hi* lugyested syllabus for " an adequate tonne of tfrpa. 
media ae,” without telling ui its duration, bet when he showed fiat prey m — t 
in \mma be atarrd that a course of about 8 or 9 month*, with abed lJX* 
hours of lratruetKm, would be appropriate.” I believe that hu ptimstr tfffe 
length of time required for such a courte err* on the abort aide, and tin c 
lean a year or IS month* would be nrenary and I disagree with bn aujjtca 
that lucb a courte s» appropriate for the newly qualified doctor about to grtor 
m the tropic*. To my mmd the nutruction of the graduate student a ±* 
country prior to hi* departure oversea* to taie up an appointment n ti- 
troptca! field, rhould be nothing more than a rectification, in a period of *=* 
4 or 5 month* of the essential defiaraaes in hi* general m e dical curncrbn 
prior to qualification. In mv view the course* for the D T.M. & H. wtB fi- 
rhn purpose and I would be reluctant to incrcatc their duration or ncea^ 
alter their substance. These course* do mot reault in the prodoctnn d t 
specialist, and here we are at complete variance with the Goodroofi Rr+r* 
but they iMaJd produce a man qualified to be a practitioner of cx£cc: o 
the tropica \rmed with thi* fundamental ban* of knowledge, be can tm L* 
attention to apectaliam of ranou* kind*, and the type of ipcciabim be ctofi 
to pursue will dictate where he ahould undertake further tmrnng 

I come now to the second point on which I differ fundamentally 
Dr \atvcl. Id considering the memorandum by Brigadier 
Fauuxt the recent presidential add re** of Dr Nevton and the otmc» 
of Dr Nirria and Sir Pnrur \(sxso\ Bah*, one u atruck br their ap?=“ 
ently onammous verdict that the pouuon of tropical medicine m Ltcdcn * 
a parlous one, albeit. I trim, onfr temporarily an. But each of that spcdrA 
well qualified by local knowledge to express an opinion, goes a great deal faniff 
than tins, and either erpreasJv states or unpfie* that therefore the po® 003 
tropical medicine throughout these ulanda u m an equaDr unheahlrr ££* 
and that the whole picture and prospect of tropical medione is l du2 
gloomy one. One or two of these authorities stated that tbev u be£ca«5 
there were tome cluneal actmoe* in Liverpool. I would assure them li® l - cl 
supposition* are correct, and that the oldest school of tropical mediate 
the country ha* flourahed and i* thriving now and that we id Limp 00 ! b^r 
every confidence in her ahihtr ngorooslv to contmue to fiouroh wta 
present abnorznaBr large demand* cm her service* hare been net. Tb* 1 
energies bare not been exhausted in coping mth an erteruare trathmpr^ 
gramme and in dealing with some 5 WO in- pan tuts and with 3) 000 out 
attendances in the last 3 or 4 \ ears, r* borne out br the volume of ovi?* 1 ^ 
produced by the staff of the school, \umerou* saeTitihc paper* b* 1 * 
prodoced by the staff manr of them leading to tmporunr adrance*- ^ 
WHle I very oncerejv hope that the necessary dimes! faciEties to ^ 
needed in London will shortly be forthcoming I cannot believe that 
Miration for tropical methane in these i s l a n d * and the Empire « 
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dependent on their materialization. It appear* to me fundamental!) unsound 
to focu* all the resources financial and otherwise, m a smgte institution. Multi- 
plication of adequate facilities for the investigation and treatment of tropical 
disease can benefit both patient* and workers in the various department* of 
the subject of tropical media ne To m> mind the expenditure of considerable 
•urns of money in furthering the cause of tropical medicine in thi* country 
should be directed toward* the support and sustenance of the various existing 
organizations and not solely to the furtherance of one single project. 

May I refer to two other aspect* of the tubject not fully dealt with b) 
Dr Napier ? I was impressed bv his remarks concerning the availability of 
teaching material m the United States and how it was supplied to the training 
centres through the Array organization I do not think it would have proved 
possible for the British Army to afford a similar service but I do know that 
throughout the war the JLn erpool School of Tropical Medicine supplied para- 
sitology material for teaching purposes to amongst other* two prominent 
London institutions In this country there is a great dearth of material for 
teaching purposes particularly of living material for parasitology and entom- 
ology courses In the early days of tropical medicine there was little demand 
for such material and students were taught parasitology almost entirely from 
dried and withered specimens Nowaday* there is a growing tendenev to 
supply the student with live specimens of the pathogenic protozoa and of their 
vectors thus turning a museum into a zoo to the great advantage of oil con- 
cerned. The maintenance of these strains involves much labour and care from 
« specially trained staff and the Joss of a strain is disastrous unless it is being 
maintained in more than one institution. Might I venture to suggest that some 
organization such as the Wellcome Foundation should undertake the benevolent 
task of maintaining these creatures and supplying them when needed to the 
institutions responsible for the teaching of parasitology to medical and veterinary 
•tudent* ? 

There is another point to winch Dr Napier has made no reference but 
which I regard as of considerable importance At the present time the Colonial 
Office mmti that any medical officer continuing in their service should possess 
the D T M & FL while an increasing number of firms and certain of the 
missionary societies have similar rules. Nevertheless at the present time 
there are a considerable number of newly qualified medical men proceeding 
to practise m the tropica without an) such qualification. Such practice is 
•gainst the interest of the country m which they are employed. Surely this 
Soaet) might bring it* influence to bear on this as well as on the other problems 
mentioned by Dr Napier. 

Dr George Macdonald It has been most stimulating to hear the con- 
structive criticism of such an authority a* Dr Napier, particularly with his 
rc ccnt experience m the United States as a background, and I belong to the 
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group which 1 frees with much of what he has Mid, especially ha rcc crerrA - 
tioiu for the broadening of the bam of undergraduate mstrucuoo ifttr Sr 
Pmur Mjoton Bah* t too moor to it* poMibiCty and actual p mat c 
many medical schools. 

Dr Ntfin told o» that it would be tragedy if interest m the teadrj 
of tropical medicine should be lost. Outside the special group of those O 
mately concerned in it, interest has been lost, lack of it bong shown by is 
failure of the writer* of the GooJstottj/i Report cieu to consider n senoah 
and by the way m which Bng Hamilton KahUZt’s memorandum hn 
allowed to wither and, so far as we know die. This Sooety has nghtly ce=> 
lated discussion and as a result three proposals hare been made for the rtybx- 
ment of the fadfitie* lost in London ss a direct result of the war Brf 
Hamilton Fair L rr recommended in 44 Imperial " hospital in assoaitm 
the London School of Hygiene and Tropical Medicine and the TVe5cc=< 
Research Institution. Dr WtXTOX has recommended the foundama ^ 1 
totally new School, or at anr rate the dirorcr of the present School of Trvp 0 * 
Methane from the School of Hygiene and it* re-eatabEshment around s trt 
hospital, and Dr \atieb ha* today tdrocated the formation of a Tityc® 
Centre similar to that proposed by Hamilton Faijllet but associated 1 
general hospital 

\nv of these proposals would, if earned into effect, involve some caesdf 7 
able modification of the present London School Though I do not »j<** * 
a nominated rep resents tire of the School, I might make it dear that die 
of the bomb d amag e it received u relatively small and has not interfered 
the activities of the tropical section the pressure on space is no rnerr thP 
normal m anv growing insotutjoc I myself bare not been able to ° cCC ^ 
any tendency for the Hygiene depart meats to squeeze out those 
m tropical diseases and also in my opinion the association between the Tit?** 
and Hygiene departments is one to thar mutual advantage. DtronX ® 
suggested bv Dr Wdtox is not justified, but extension m the form “ 
tionaJ fsohnes for cfmical and chetnotheiapetmc research should be cobsk® 73 
in association with a new hospital 

\n Impenal ” project suggest* some evciosrvT function rdegstirj ® 
secondary role other centres both in Great Britain and abroad. 
Liverpool would hare groan dj on which to oppose such a proposal ^ 
not think it would be regarded entirely favourably m the Domm** 1 
they were given an acme share m rts initiation and subsequent nummt 
fore, I suggest that we must have some ce n t r e of clinical research m Lee®* 
to replace that kat in the war but on a better and more fuffy 
that it should work in co-operation with the existing School of Tropical 
as now constituted, and that it should win its “ I mperal " pre-conna** 
its activities and not by any exclusive mle or charter 

Dr "S Arm has given an outline of the postgraduate teaching 
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wc must all agree m principle To elaborate that principle with some details 
we ihould emphasize that the course is intended to round off a genera! medical 
education rather than to create a specialist, and that the clinical and parasitological 
sufy ecu should be clotel) combined with the teaching of prevents c medicine 
rather than separated as has been the custom until recently in Great Britain The 
suggested period of instruction given bj Dr Napier in his American paper 
was about 1 000 hours spread over 8 to 9 months but I suggest that this is 
excessive for the purpose for which the course is intended, and that it should 
be restricted to 4 or 5 months and 500 to GOO hours teaching I would also 
like to see some form of machinery instituted to ensure uniformity of standards 
not only m teaching but also in the examinations of the various bodies 

Dr Napier considers that some special provision should be made for 
those who are proposing to specialize in Tropical Hygiene I consider very 
Strongly that such people should have the Diploma in Public Health which 
provides the necessary broad basis of understanding of the pnnciple* of pre- 
ventive medicine and that it can be adequately rounded off for tropical purposes 
by the DTM & H. provided that it is followed by a period of work under 
an experienced colleague overseas before the holder take* up independent work. 
Unlike him, I do think that there is some point m the institution of a qualification 
for the specialist m Tropical Medicine based on some such standards as 
those thst Dr Napier suggests and including an examination ensuring a high 
standard in general clinical medicine of the type wc should call cosmopolitan. 

Dr Napier asks Where do we go from here ? I hope the Society ltnple 
ments his two recommendations and institutes machinery which will ensure 
continuity of interest m medical policy which should be framed to take account 
of the views of workers m Liverpool Edinburgh and elsewhere, as well as those 
m London. It might take the form of a Policy Committee the first duties of 
which would be to examine and erase the divergencies of opinion about the 
correct hoc of development in London and elsewhere to guarantee this country's 
continued pte eminence in tropical research, and also, of course to follow up 
Bng Hamilton Fairley s memorandum, discover its fate after the time 
when the Colonial Secretary offered the necessary money to implement it, 
disinter it, and see that it receives the attention it deserve*. Secondly the 
Committee should agree on, and press for acceptance of standards of teaching 
and examination for both general practitioners and specialists m medicine and 
hygiene B> such an action the Society could make another very real con- 
tribution to the progress of Tropical Medicine and Hygiene 

Ueut -Colonel E H Vere Hodge Dr Napier, m his address, ha* outlined 
» forward policy so ably and completely that there i* little room left for anything 
hut enthusiastic support. There are, however points which arise in connection 
with the present necessitous situation and the urgent demand for men with 
•ome, though possibly short, training Admitted!) a central imperial school 
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of tropical medicine and research must be the ultimate object but hen cm 
quickly such a scheme matures, interim and immediate measures *rt rejurri. 
Large numbers of men arc returning to this country suffering from actrve 
disease or latent infection calling for investigation *nd treatment. Even a 
this epoch of regimentation it ts not feasible or desirable to direct that 4 
to one institution. These men have been exiled from home for some jtn, 
many of them have been prisoners they do not scant to be collected, dei 
want to be treated near their own homes. Any form of treatment, bersne 
scientific will be stultified if it is combined with an impression of roan* 
and sequestration Consequently the necessity continues for tropcsl dawn 
units, with experienced staff attached to general hospitals througbwrt tk 
country Such units will do much to solve one of the main problems the 
stimulation of undergraduate teaching All schools for the teaching of Tropia! 
Medicine in this country must labour under some handicap CEnical autos! 
is limited to certain types of disease only and acute primary disease afflb* 
absent from the wards. Further treatment is earned out in climatic ceodinaa 
other than those in which the disease u generated and the patient tf tmw « 
less assured against rt- infection. Consequently primary teaching fa tj** 
country will demand some implement by the estabfishrnent of centres In xbttri 
tropical areas. It is to be accepted that such centres could show a raufln 
variety of disease than could be teen at the main centre in tho country tet 
practical experience, opportunities for studying the language custom* tsA 
local conditions, would compenaate for any possible lack of variety Testhefl 
called upon to lecture on scute diseases find their Impressions grow 
anchored to schools in this country and would be glad to renew stmoipie"- 
At Edinburgh University during the War the Diploma course w» 
dropped and certain other courses, designed to meet existing wed*, **** 
instituted. Firstly m common with other Schools, classes of 14 d*y* 
instruction were held for officers of the RAM C. Subsequent enquiry fr® 3 
officers who had attended various schools showed that, on taking up J** c j** 
m the tropica, they found themselves to have advantage over those *n° 
received no such training Secondly a modified course of 3 months *** 
for qualified men about to take posts under the Colonial Office. 1"^* ^ 
arranged in such a way ta to be equivalent to and qualify for Part 1 « 
Diploma. Finally at the request of the War Office, a senes of lecsur* ^ 
given to undergraduates of the Senior Training Corps. This course *** ^ 
an Outstanding success as students clearly regarded that subject ts °u ^ 
curriculum and not likely to promote success in the final ex* mini 
this new incidentally they were mistaken, as an extern exam i n er set a 
on the treatment of mtlana with catastrophic results. Experience fi™*® ^ 
courses has led me to the conclusion that teaching activities ^ 

solely conducted with a view to the Diploma. I suggest that 'here 
courses of three type*. Firstly as stressed by Dr Nawea, urufarF* 3 ^ 
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training Instruction must be included in the curriculum in those diseases 
now being imported which may be active subject to relapse or he latent 
With the return of many medical men of considerable tropical experience, it 
is hoped that the attitude in general hospitals to tropical disease will change 
the staff will include men competent to deal with such diseases to instruct 
students from first hafid knowledge and as already mentioned, special units 
will be constituted. The regular appearance of questions on the commoner 
tropical diseases in the final examinations will further stimulate the interest 
of students. 

Secondly a 3 months course for the benefit of those proceeding abroad 
for the first time In the light of Dr Napier s paper this may seem a retrograde 
step but present conditions demand it The necessity for men overseas will 
prevent any longer training at the moment It is a short course and with 
the imposing number of section* invoked, such as parasitology entomology 
epidemic and vector control will require careful balance to afford the best 
practical initiation into tropical practice In the next course at Edinburgh, 
I propose that the class shall spend two mornings s week at the Tropical 
Diseases Unit, which is joint!} sponsored by the Department of Health for 
Scotland and Edinburgh Corporation, where ample clinical material is avail 
able and in the laboratory attached ao that the) may interest themselves m 
fir*t hand clinical observation and diagnosis Clinical demonstrations m 
hospital for tuberculosis and venereal disease have also been arranged 

Systematic lectures must play an important part m instruction especially 
with reference to the medical emergencies as for instance heatstroke and 
blackwater fever the acute fevers the co-ordination of experience gained m 
temperate climates with tropical practice and the normal progress of disease 
vmder treatment. Finall) some attenuon roust be paid to the feeding and care 
of infants in the tropica 

Thirdly the course for the diploma I understand that it is possible at all 
Schools for a candidate to obtain a diploma before ever leaving this countr) 
This should not be so the diploma clearly implies that the holder is specially 
qualified for tropical work. Part 1 may be regarded as the preliminary training 
but a candidate should not be admitted to Part 2 until he has done at least 


one tour of service abroad and can produce evidence of practical experience 
I would like to see the examination for Part 2 include a short thesis or essay 


00 a subject chosen by the candidate showing evidence not necessarily of 
original work, but of personal observation Some optional deviation from the 
•tandard course ta desirable to enable a candidate to make special studies m a 
branch which he may have selected by this time 

Finally I would refer to the Army Medical Department Bulletins and 


*uggtst that a similar istue, by a central body for the benefit of medical officers 


m remote areas would be of great value Perhaps the Committee of the 
Trapani Diseaies Bulletin could be induced to consider the matter 







Lieut -Colonel W H M Drew These two problems, postgnduxte ml 
undergraduate teaching have to be considered, and perhaps what I am 
to tay n in the nature of looking back, a Gttle. There has been undopiiHa 
teaching in tropical medicine in the medical school* of London for many pan 
past. In peace-time every school, I think without exception, had » loam 
in tropica] medicine, but when the war began this teaching ceased. b«t 
of those present may not know that in im*2 the Director General cf the Ansj 
Medical Semcca wrote to the Presidenta of the Royal College of Phynon 
and the Royal College of Surgeon* requesting that undergraduate teactaf o 
tropical medicine and pathology very important in war time, should be F n ’ 
a better place in the curriculum. 

A* • result of that I was asked to give a senes of short course* *1 & 
Medical Society of London • room* in Chando* Street. Ia all I pit 
such course* during the war with a voluntary attendance at each of ibod 1® 
tern or medical students. Those of you who are familiar with the final extr***' 
ticms of the London, Cambridge and Oxford Unireraltiea and of the C oaf** 
Board, will probably have noticed that there was included at le**t cor troysol 
question in every examination No doubt this acted as a jtirmiha. Certt™f 
I was greatly impressed by the interest of these ttudent* In tropical inedxw 
and by the good grounding m parasitology which they hid already rtca mia 
their own schools. Now that the war u over the medical school* will po &*** 
review tber methods of teaching tropical medicine. 

On the postgraduate side Dr Name* ha* asked u» to look »b«d 
before doing so I would recall the »Wt war courses to medical officer* « 
Armed Forces, and to their Amen can and Canadian colleagues, at the L***’ 
Liverpool, and Edinburgh schools at the RA.V School, Hihoa, and 
RAM College, Mfllbank. At MiHbank 3 000 medical officer* hive 
anended these courses, each of which lasted s fortnight. The 100th £** n< 


is now in progre s s. 

Dr Napjiji dealt with the adequacy of courses in tropical mcdk cK- 
gave me the impr e ss ion that the cumcuhnn could easily be orerbord®» 
The main difficulty is that at every school where tropical medicine ** 
each member of the staff think* ha subject is the moat important oce 
tend* to orer-emphasise it. 1 so often find that the hritninthoior* . 
to impart tmnute dead* of every smgle worm while the student should cri^^ 
know of each and e v ery worm a existence, he should not spend tune on 
the morphology of a parasite winch it extremely rare The only * _J 7 10 ^ 

come these difficulties is a method winch I hare tried with some * ocC< ^L. 
asking one or two intelligent student* on each course to write to me 
hare spent 8 months m the tropic* and tell me what m their new su the 
value of the various subject* taught. 

I bcheve that in London there should never be a shortage of 
material for teaching tropical mediane. As Sir PirruT 
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*aid, teaching it the bedside is all important and is of greater value to the student 
than any systematic lecture 'When a tropical centre is established, as I trust 
it will be, there should be no difficult* in centralizing patients for this purpose. 

I should like to say finally that I entirely endorse Dr NaPIERS plea 
and Dr Macdonalds amplification of it that this Society should take an 
active part in formulating a definite policy for the teaching of tropical medicine. 

Dr H S Stannta The discussion this evening is upon the Teaching of 
Tropical Medicine but while the opener has touched on one aspect of the subject 
1 think the tune is npe for taking a much wider and more progressive view 
inasmuch as two new factors have come to have a bearing on the problem, 
namely the increased facilities for rapid transport between this country and 
its dependencies and the awakening of our Government to the needs of our 
colonies 

It appears to me that the time has passed for attempting to teach the 
medicine of tropical countries in Great Britain because if for no other reason, 
clinical material will not be available 

In planning for the future — the immediate future— I would suggest that 
consideration be given to a scheme whereby the teaching of troptcal medicine 
might be pushed forward to an advanced base within the enemy's country 

Briefly such a scheme would envisage the establishment of medical centres 
m various parts of the world — to take Africa as an example one in East Africa, 
one in West Africa. At each would be established complete up-to-date hospitals 
both for Europeans and natives with clinical and research laboratories library 
and classrooms and residential college the whole organization to be under the 
supervision of a director and staff 

Medical officers proceeding to East African colonies having completed 
a shortened simplified course of instruction m laboratory methods systematic 
tropical medicine etc. at the tropical medical schools in this country would 
proceed to the East African medical centre where they might spend 6 months 
as house officers in both European and native hospitals and at the same time 
learn to correlate the large chmcal experience which they would gam with 
their laboratory studies They would receive training in observation, descrip- 
tion, interpretation and presentation of the material coming under review — a 
side of methane woefully neglected. 

Residence m a college where talking shop must inevitably occur 
■would assist m education as nothing else will 

Such residence would also offer on unequalled opportunity of judging the 
direction in which medical officers would best be employed. District medical 
officers could be afforded an opportunity of returning to the centre to carry out 
research on any problem requiring investigation, or a research team could be 
found for work outside the centre, etc 

The nati\e hospital would afford opportunity for the proper training of 
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native hospital orderhe* and lubondmatc medical *taff The medial, nnpa i, 
»nd research staff of the centre might be partly found from the Colooul Mtdbi 
Service and partly from this country An interchange between the tuff of i 
centre and of the tropical achool* in thu country would benefit both. The 
interchange might be on a wider ba»* physician* lurgeona, biocbemaa, etc, 
from tin* country might make vmta to there centre* to carry with than new 
knowledge while m turn they would learn something to thnr idrznujt bj 
their aojoum abroad. 

I «ugge*t that tome auch acheme wink of cnormou* benefit to crar raiom 
would promote a new era in tropical mediane. 

Dr H C Trowell I wwh to a word about Dr Na»i» i paper 
1 hope that my remark* will not be misconstrued. I apeak a* one of tho* 
who come from a teaching centre namely that of East Africa, and I feel eW 
our debt to the London School and the Liverpool School and other centra 
in thu country u i cry great. Indeed, we could not teach and we ctwM ** 
cure the di»ca*e* which we meet unles* they bad done their very briEini aoi 
But when we come to talk about tropical di*ea*e* I feel that somebody »k» 
is responsible for teaching A fncan doctors ahould aay a word. 

There i* a very great confution of thought in thu matter We tme 0 
the firat place, diseases peculiar to the tropic* in the second pbet, fa* 1 ** 
commoner m the tropica than in the temperate zone* and thirdly Steoti 
which actually occur in tropical region* but which are not due to » winner 
climate. When we come to a*k what dl*ea*e* a fit Government official * * 
fit soldier u likely to contract they are usually the tropical di*ci*e*. bet id** 
we come to aak what lull* the inhabitant* in the tropic* I doubt whether *e 
could give the **me answrr 

When I come to examine the postmortem report* from any part of ^ 
world 1 find that the diaease* specified are those which are aeen in all P trtl 
of the world, but tbar incidence their pattern, their chars ctentucs, 10 
tremendously different that I fed ire have a great deal to do m da* 1 °?^ 
in the way of clearing up the confimona which arise. When people cotne 
to our part of the world we are hard!) yet in a position to teach than 
diseases which fill roost of our bed*. 

With regard to the roam them of thi* paper ao ably presented 
J jam m profound disagreement, J t j* suggested that the British undetJT 1 *^' 
student mint be given far more detailed knowledge of tropical media*, 
may differ from the Goodnoagk Report yet those of u* who are teaefcett 
in agreement with it* main their* What we mu*t teach the medical 
ii principle* we cannot teach detailed practice. He will *tand or 
final examination on the application of principle* as he tees them to the 
which he meets. He mil not meet much of the *o-ctl!ed tropical dae****^ 

I should regard it a* entirely trttfi col to add an extended course on this WhP" 
for the undergraduate. 
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I am all m favour of adding entamoeba to biology and I trust he will be 
introduced to malaria and the dysenteries but to take ham through the extended 
field of climatology and some of the other subjects set out in Dr Napier S 
suggested syllabus seems to me enure tv misplaced. Take ISo 1 1 m hi* suggested 
syllabus — herpetology Can that be necessary ? The boot may one day be 
on the other foot and we shall be having a Commission telling us in tropica! 
schools to give an adequate instruction in temperate disease* ! 

In the tropics for example yve pay yen little attention to frostbite Are 
we to add it to our syllabus ? Are we to include scarlet fever ? \\ e pass lightly 
over the question of disseminated sclerosis We teach nothing about coal 
miner’s lung until mining has been opened up m a particular country \\ c can 
introduce the student to a few general ideas and let him work them out on the 
diseases which he meets It must be our duty on the spot to work out in cases 
for example of cardiac disease as to why yve ha\e not yet detected subacute 
infective endocarditis It is all that type of emphasis which the local school 
has got to give That is why yve should be so much in favour of the suggestion 
made by Dr Stannus that after this bnef instruction at home the student 
should be allowed to go out to the tropics and pick, up his further instruction 
there. 

In 10 or 20 years time there will be larger medical schools in East and 
West Africa After that course has been taken b\ the student I should hope 
that there would be some higher qualification whereby he could thoroughly 
establish himself as one competent to teach in tropical diseases 

Sir Rickard Christopher* I agree with most of what Dr Napier lias said, but 
u seemed to me that it was not very clear what his concrete proposals were 
** to the point* on which really important emphasis yvas to be laid. I am quite 
clear a* to what I think should be done There should be a real centre of 
Tropical Medicine in London I do not mean that that should exclude Liver- 
pool or other centres but I cannot imagine anything that would give a greater 
*timulus to tropical medicine than a School of Tropical Medicine m London, 
h is incredible that there should not be such an institution. 

There is of course the London School of Hygiene and Tropical Medicine, 
hat there tropical medicine is put in an extraordinarily subordinate place 
When I address letter* to that School I find myself dropping out the Tropical 
Medicine and calling it London School of Hygiene only It is a very good 
•choo! but we do want something more than that. Sir Philip Manson B ahr 
m witioned the tune of Manson when there was really a School of Tropical 
Medicine here Not only was there a School but there was a Hospital and the 
•pint of Tropical Medicine I strongly support the proposal put forward bv 
®ng. Hamilton Fairley very abh seconded bv our President and brought 
op more or leas again in Dr Napier s paper that there should be a combined 
School and Hospital of Tropical Medicine in London, 
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Dr Hairier (hi reply) After having been deflated by Sir Pmur Mascv 
Bahr, I fed that I hare been sufficient!) ronflated by acme of tbe snbscjw 
speakers to attempt answers XO wme of the cnaasra* but t* the hour a tar 
late I cannot an swer them ah and muat be unified to select certain pots. 

To Sir Pinup* charge of cruelty to the long suffering medio] Kate, 
I may aay that I did not mean to suggest that there should be a large rmahr 
of lecture* on tropical subjects crowded into the atudenta final rrtn nr 
mam point it that there abould be a broadening of the bate of tbe tduotearf 
the medical student, so that he can profit better by any teaching an tropd 
subject* that may come hi* way later on, m the lecture theatre, die wirth, ■ 
the out patient, department. I have talked to several teacher* who tare pn 
lecture* in the short course for Army doctor* and they hare told me that, ski 
some hate obvioualj profited considerably bv these lecture* others brrt pad 
very little because the teaching was built on such a very £ra3 structure ^ 
knowledge 

Tropical medicine is today not such a simp le affair as it was in the dm 
of Sir Patti ck Maxsov when the whole course of tropical mediant roddW 
given by two or three men it u becoming much more complete I 4° ** 
think that there is anj real change in our ideas on teaching tropical rod* 3 ® 
it is just that, with our burden of greater knowledge, it ts more difficuk to be 
sample than it was in the good old days " to which Sir Plltur refers, 
is ii fact that has to be faced with regard to all scientific teaching 

Concerning the suggested sjllsbus that appeared In the paper ths* 1 
last year in \raenca, that was prepared for American condition* ^ j 
keeping with the current ideas in that country that an adequate ct*3* 
tropical medicine for postgraduate students should last 9 months and ccft£ ** 
about a thousand hours of instruction. It was not meant for this cos®} 
where, rightly or wrongly shorter course* are usual!) grim, and I 
presume to suggest that the teaching in the schools m this country 
altered to conform with that syllabus. However Dr hUcocutuo ba* pc®** 
out to me that all the subject! that I have mentioned are actuaBr touched ef* 
in the course at the London School, with the exception of economics. 

Professor Gotdon protested against mj emphasis on London fot at^*® 
disease* centre I did not mean that London should be the only pi** ^ 
attention should be given to the subject of tropical median* hut 11 *** ^ 
that, for the time bong at any rate; London u not only the cajxttl ***_ 
largest medical centre in the British Commonwealth, and it does * ecn ^^j 
gruou* that there should not be a fixst-cias* tropical medicine centre belt. 


of course not to the exclusion of other centres. . . . 

With reference to Professor Gordon s last point, oo the need 
oolj properly trained doctors out to tbe tropics it is true that 1 ( 

reference to this subject in my paper to-day However I 
tome length w my American paper to which he referred and in mv an ^ 
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keep my paper short and as far as possible to avoid repetition I assumed that 
m Great Britain it would be unnecessary to emphasize this point. I am 
extremely sorry to hear that ray assumption was not correct, and I am glad 
that Professor Gordon has rectified the omission 

I iffl in entire agreement with Dr Macdonald 8 amplification of my 
suggestion, and X strongly support his recommendation that there should be 
s Jtsnding policy committee of this society 

Colonel Verb Hodge is perfectl) nght It will certainly be necessary m 
the immediate future to introduce t number of short courses as a stop-gap 
to meet the urgent demand for some teaching m tropical medicine 

Colonel Drew mentioned that there were lecture* on tropical medicine 
m all the medics! schools in London before the war This is true, and my 
complaint was that the war was made an excuse for stopping these rather than 
t reason for developing and extending them, as was done in the United States 
I hare heard from many directions that his special lectures to medical students 
m London were very much appreciated, but they were voluntary lectures and, 
ts most of the schools were decentralized, only a comparatively small proper 
Utm of the students were able to attend them. I know that questions on tropical 
diseases hive been set in several final examinations recently and I am not sug 
gtsting that there should be one in every final examination paper but onlj 
that the student should be taught to accept the idea that there may be such a 
question 

Regarding Dr Thowell 8 criticism, I believe that our views are not so 
divergent as he seems to think. He has talked mainly of the teaching of medicine 
to the natives of a tropical country (who will incidentally mostly remain and 
practise in their country of origin) whereas I was considering the teaching of 
the science of medicine to men from among whom many will later go to practise 
m tropical countries and other* will frequently sec example* of tropical disease* 
in their own country 

The syllabus that I suggested, which ha* so alarmed Dr Trowell, was 
naturally not for the undergraduate student but for a postgraduate course, and 
I was under the impression that the word “ herpetology ” which he selected for 
special scorn, meant the study of snake*, not an inappropriate subject for a 
lrc pical course 


Colonel H E Short! (contribution to discussion submitted after the 
netting) I have listened with interest to the opening address tonight b} 
Dr Napieh and to the subsequent discussion by those who are actively engaged 
m teaching of tropical methane. I, think most of us would agree with the 
I f a J°nty of the opinions expressed on the most advantageous method* of teaching 
Uu * 'object and, m spite of somewhat differing viewpoints the opinions all 
COu> cuie on the most important point* 



239 


mtcctnox. 


Dr isAPtot, I think, by* undue met* on the new that trojwal traficst 
should in no vr*y be differentiated from general medicine, and that the nxAd 
practitioner in thi* country hit left hi* education incomplete onlm be bat 
good working knowledge of troptctl disease* u wed ft* those he t* mcst EhJf 
to meet with in thu country I cannot agree with this pant of new beaw 
I think tropical medicine it to * large extent an entity apart from jraroi 
mediant B> thu 1 do not mean that the two can be separated Into rcrrtifh 
compartment* and thu i* more eapectall) the caae from the point of new ef tk 
practitioner to the tropics 

The medical practitioner in thu country hat got along rery well m the pat 
with no more than • tketchy knowledge of troptcal duease*, and race ck 
medtesi curncuhim u probably already overloaded he will have to dfl *c * 
the future relying when necetsary on the advice of experu in tropical mScx. 
Hie practitioner in the tropic* on the other hand, bin* somewhat 4ftr«t 
po*i ti on, and Ire would be extremely ill equipped were hi* knowledge coefcxi 
to tropical disease* only He mint be a good general pbyuran or rat K *> 
on whose knowledge ha* been grafted the extra knowledge and skill repaid 
for dealing with the special disease* he wall meet in a tropical WTUOtancoC ■ 
other word*, the study of tropical mediane u a* much a speaaEty ts nudstfoy 
gynaecology disease* of children, and so on. Such a knowledge °f 
mediane i» not acquired except at the result of more or let* prolonged rt»3« ct 
in the tropic* and a conscientious use of the material available that. 

From thu it follow* that even if tropical methane formed part cf toe 
medical curriculum in tfu» country the opportunities to ace the actual aao 
the various tropical disease* would be too limited in the case of most 
tionera, and they would still have to fail back on the advice of the eq** 1 - 
have seen in my experience too much of the remit* of faulty or ibsoScx* 
knowledge both in the dugnotu and the treatment of tropical disc** 5 ’ * 
leave roe in any doubt a* to tbe neces*ity of looking upon tropical meAca* 


a i pea si branch of mediane. 

Having dealt with thu principle I should like to offer a few rein vVj 
what I consider would be the beat method* of attaining our object, * 
envisage a* providing the means first for training adequately 
student* who wish to take up the study of mediane m the tropic*, ft® 1 ! 
the provision of facilities for research to those who are engaged on 
studies on some *sped of tropical mediane. Tbe firtt essential to 4111111 
object* and on e which rt so important that all other* are tmnor tnatt’ 35 1 *. 
paruon, u the provision of a Tropical Disease* Hospital, worthy of 
of the Bntuh Empire. While such * hospital, or if the term 
Tropical Diseases Centre, was deferable in the past, it u absolutely c * K3SS *7 i ^ 
in new of the changed conditions in the Bntuh Empire as part of * 
change in conditions which has come about m the last 20 year*. 
need for *uch a centre depend* on two or three factor* which woe k**u°P“ 
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m the past. In the first place during a 6-ycar period there has been little or no 
full-scale teaching of tropical medicine such ** was provided before the war at 
three centres m the United Kingdom. Almost complete cessation of recruitment 
to the colonial services dunng the war has resulted m much leeway to be made 
up m the provision of medical officers for the colonies and protectorates In 
the second place, before the war there was already among many foreign nations an 
tner easing desire for the training of a number of their medical men m tropical 
medicine on the latest lines This desire will almost certainly be reawakened and 
intensified as conditions of peace are re-established m countries which have 
any dealings, either within their own borders or by commerce with tropical 
countries. In the third place, tropical diseases hare already acquired an 
importance which is likely to increase m countries far removed from the tropics 
this i* due to the cutting down of the distance both in space and in time of the 
tropics from temperate countries by modem means of transport. Whatever 
the quarantine precautions taken, it will not be possible to prevent the entry 
into any country of persona infected with diseases in other countries so that 
the knowledge of these disease* and of the methods to prevent their entry 
and to deal with them if they do enter wiU be more than ever necessary and 
will require the training of the necessary personnel for such purposes 

All this leads us back to the absolute necessity for the immediate provision 
of tropical diseases centres working in close collaboration with the present 
schools of tropical medicine for the adequate training of the men who wiU 
carry out the essential measure* which will be necessary in the near future 
It is easy to talk of the establishment of a tropical diseases hospital, and 
school, in more or less vague terms, but if the scheme is to be rapidly translated 
into fact one should know' beforehand exactly what would be required in the 
vray of staff and the scale on which this should be provided if the working 
of the scheme is to be efficient. So far as the hospital or treatment centre is 
concerned this would be staffed in general along the lines of any modern 
hospital and the differences would only be m detail. The hospital would 
have to be within easy reach of the teaching institution. There is no question 
that the ideal would be to build de novo a new hospital specially for the purpose 
hut as this may be unobtainable in the immediate future consideration should 
he given to the acquisition and conversion of a suitable building as a temporary 
measure into a hospital. On this point I think there would be no disagreement 
So far as the teaching institution is concerned there is more room for differences 
in outlook and there is no reason why there should not be individuality m the 
pattern of these providing there u uniformity in the end aimed at which is 
the provision of up-to-date and adequate teaching on all aspects of medicine 
m the wider sense concerned with the tropics 

My own knowledge is hunted to that part of the training concerned with the 
teaching of medical zoology which on the climcal side forma the greatest pan 
of the background of knowledge to be acquired by the student of tropical diseases. 
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To leave the question of a hospital, and to come to the requirement* {or tic 
teaching in medic*! paruitolog) m the wide sense, that n including the sabjeciirf 
helminthology protoxoology and entomology the fidhttes proem bef«e tk 
damage done due to war were probably adequate u regard! iccomncditEa 
and ahould be so again when thi* damage hi* been fully repaired. Tie tut 
perhaps cannot be said m regard to atafT and certainly not at the perse* 
moment m » pealing of the three subjects I have already menttcneA 1 
consider the foOcrsnng suggestion* mth regard to the staffing of the depart- 
ments as a minimum (t) For each subject there should be a head rf da 
particular department with an assistant, that is a professor with a reader at 
lecturer The object of this would be both to allow the carrying on cf jeatareh 
and teaching simultaneously in the department, and to enable one of the sew* 
members at any time to proceed abroad m order to cany out a line of reward 
or enquiry which could not be done in this country Another reason for tie 
providing of a full stiff in each department is the fact that speoii tuquma 
requiring the collaboration of helminthologists and entomoJogiSt* tivi ^tt*- 
rocJogista could be undertaken by the formation of a special unit comte* 3 ! 
workers in these two or more subjects. This method of special units fa** 1 
to investigate specific problems has been very successfully employed tn tk 
past in India, and could well be copied This sort of team work wxki 
serve to integrate the activities of the three department* m a way which T0B * 
be useful to each, and which could not be attained easily by other roow- 
Whit I have said has necessarily been a mete outline but senes to tndia» 
the way in which I dunk the teaching of tropical medicine could best be exmei 
out. There has been to much delay already over the question of the jainiaa* 
of a Tropical Diseases Hospital or Centre thst i feel some more concrete skp* 
now needed than sny taken up to the present. The matter is coe of wt* 
importance to the Empire and I think should now be taken up at the 
level by the departments of Government most closely concerned, that a, 
Cdomsl Office, Dominions Office snd the Indis Office 

To implement a scheme as outlined above would require a kry* ***” 
recurring grant for the provision of buddings or the acquisition of 
existing buildings as a temporary measure and an annual recurring f 13 
for salaries and equipment and general maintenance of the 
Without going into detail it u not possible to give any ides of what sum* 
be required, but I consider that a small si kx body representing 
Government departments concerned, and the three institutions it 
concerned with the teaching of tropical media ne, should be set up 
to report in detail on any scheme agreed to and thst this body be P** 11 * 
limit in which to make their recommendsnoas. 
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AUTOANTIGENS AND AUTOANTIBODIES IN THE PATHO 
GENESIS OF DISEASE WITH SPECIAL REFERENCE TO 
BLACKWATER FEVER. 

BY 

JAMES GEAR Major 
Medical Laboratory Service S^A A/ C 


Jn the cour»e of another investigation undertaken in the Laboratories of 
the International Health Division of the Rockefeller Foundation in 1942 it 
was shown thit the inoculation of an emulsion of fresh normal Irver obtained 
from a healthy rhesus monkey into either a normal monkey or into one pre 
viousty protected by vtccuumon against \ellow fe\er failed to elicit any antibody 
response. On the other hand it was found that an emulsion prepared from 
the liver of a rhesus monkey that had died of yellow fever was antigenic when 
inoculated into a rhesus monkey previously protected by vaccination against 
yellow fever This latter monkey developed antibodies which could be demon- 
strated by the precipitin test not only against an emulsion of yellow fever 
infected liver but also agimst an emulsion of normal liver It appeared there- 
fore, that the presence of virus m liver cells acted as a achlepper for normal 
hvtr substance which thus became antigenic when introduced into a monkey 
of the same species. 

Assuming that a substance which was homologously antigenic would also 
he autoantigeiuc and assuming that antibodies are produced by the reticulo- 
\ endothelial system, this finding may be dia grammatically presented thus — 
Liver cell + virus — Autoantigen. 

Autoantigen 4- R.B. cell system «* Autoantibody 

Autoantigen 4- autoantibody Reaction causing degeneration of 

affected cell. 


This interesting observation as well as indicating a possible sequence of 
events in the evolution of the pathological process of yellow fever suggested 
a hypothesis of the pathogenesis of some disease conditions which may be 
summarised thus — 

Tissue cell 4- virus 


or 4- bacterial toxin 
or 4- chemical , 

or 4- intracellular parasite J 


1 - 


Autoantigen 



Autoanugen + RE cell sysUnn •« Auttnntibody 
Autoantibody + t lasue cell 
affected or *otrtetiTOc* + nor 
nal tiwue cell — Seim tued crlL 

Sermtued tmue cell + cotnple — Degeneration or ly*« of affected 
merit cell. 

Thu hypothec* h*a already been advanced to explain *uch obJcttrc rooi- 
ttont u po*t ra canal mcephalstu and other poat infective enerpluSflda 
( Sci rwzNTKiB and Rivers 193-1) and glomerular nephntu (Suawx, 1936 
Schwentke* and COMTLOlEa, 1939) It i» to put forward and ducim » w»2» 
hrpothrtis of the pathogeneau of bli dewater fever that a the main jwpsae^ 
this paper 

There u now general agreement that bladnrater fever is related to nuhn 
and i» eapeotUy liable to affect thoae who haw auffered from repeated ittifh' 
which have been inadequately treated with quinine. It wa» once encoder^ 
that black water fever wa* aaaoctated only with malignant tertian od** 
(Tiioioof 1924) but later obaervationa (For 1938) have tbown that « 
Salonika almoat aa great a proportion of casca are awoaated with PUm** 
vtvax (33 per cent.) aa with P falcipanan (47 per cent) while mixed infect*** 
were noted m 14 per cent of caaea 

Although many throne* have been advanced to explain the acu* 
raacular haemolyau which ta the fundamental event in an attack of N** 
water fever the cauie to tummanxe current literature and textboofa, tefiw» 
a myatery It hat* often been soggeated, however that a haenK^T* 0 * n 
anaphylactic tenaiOxing aubatance u reaponaible for the haemolyau, hot* 
no adequate explanation for their development ha* been put forward. * 
quote Stitt's Troptcal Disttun (SraOHa 1942) M A *aenufic eipfan* 000 ^ 
the mechajuam by which haeroolyii* it brought about U not yet po« *|bfe. 
i* conceivable that a haetrwlyam may be free in the blood atreafft or W 650 
certain cella, bht it i» not clear what auddenljr free* it or precipitate* t 0>C **% L 
However it appear* that in the hypotheaii enunciated above a rea*»®* 
explanation ia found. According to thu hypothesis the development » 

!y»in» may be accounted for by the fact that a red cell infected with * 
paraaite poiaibly only after treatment with an antumlanal drug. 
quinine may become antigenic. The aequence of event* may be 
a* follow* — 

Red cell 4- malarial parante i 

or j 

Red cell 4 - malarial pamite 4- antunalanal drug V — Autoantsgen- 

Red ceU 4- antiraaUrul drug 

Autoanogen +EE ceU ayatero «• Autoantibody (baemolyaic). 

Red cell + haemolyam — Samuxed red cell 

Setmhxed cell 4- complement — Lyat* of red cedi. 
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There u a vast collection of facta relating to blackwater fever, and these 
hive often been analyzed and considered in the past. However, it is now 
desirable to re-examine and to discuss them as well as several recent observa- 
tions in relation to this hypothesis of iu pathogenesis It will become apparent 
m this discussion that these facts are all m keeping with, or are rational!} 
explained, by this hypothesis. 

There ts little direct evidence of the presence of a baernolysm in the blood 
of cases of blackwater fever To quote Thomson (1924) Attempts to demon 
itrate an mjtohaemolysm in the serum of blackwatcr fever during the attack 
of hacrnoglobinuna have failed or indefinite results have been obtained.* 

' We were quite unable to detect an> haemobrsm in the serum of black- 
water fever at any period of the disease but as we have pointed out this by no 
mcani proves that c serum haemolysin is not present. 

Indeed, THOMSON* states “ There are strong grounds for suspecting that 
the condition is brought about by a specific serum haemolysin elaborated from 
the prolonged action of Plasmodium falaparum on the red blood corpuscles 
He suggests that, M it is an altered chemical change which produces the so-called 
brassy corpuscles in malignant tertian. Corpuscles so altered act as foreign 
bodies md are thus capable of producing a specific haemolytic amboceptor 
which can act in the presence of complement on corpuscles so altered and not 
on normal red cells. ’ 

Ross (1932), although stating that there is no doubt as to the reality of 
the appearance of the altered corpuscles that THOilSON describes, states that 
attempts to demonstrate the presence of such altered cells were very seldom 
successful dunng his investigation, and therefore considers the hypothesis 
regarding the role of such cells as open to criticism. 

F air ley and Bromiteld (1934) came to the conclusion that the mtra 
vascular haemolysis of blackwater fever was caused bv a haemolytic agent 
*nsicg m chrome lubtertian malaria as a result of a metabolic breakdown 
precipitated by quinine or plasmoquine, or possibly by other factors such as 
chill or exhaustion. They considered their findings w er e against either the 
•etion of an immunological haemolysin or a direct drug effect on the corpuscles 

Although the direct evidence is so unconvincing there is considerable 
indirect evidence that an antibody acting on red cells is present in cases of 
blackwater fever This will now be considered. 

It has repeatedly been observed that red cells from cases of blackwater 
lever show » tendency to autcagglutmation. This in itself is suggestive of the 
presence of antibodies but by itself is not conclusive for autoagglunnation 
°f the red cells has been observed in many conditions that are not associated 
with acute mtravsscular haemolysis For example, autoaggluunation of the 
t^d cells ia often observed in the blood of cases of human trypanosomiasis. 
However even in this condition erythrophagocytosia has been noted, a pheno- 
mtfn0n which suggests the presence of red cell ops on ms. 



Erythrophajjocytott* hai ako been noted in cases of black'irater fere. 
Thomson (1924) m ha observations on eight fatal cases of blackwater 
noted that there ™ cndencc of endothelial activity and the cndothrfhd aCi 
showed active phagocytosis of the red cell*, \ orkt, Mu*Cat*otd tad Ore 
(1629) note that phagocyte* containing red cells are frequently teen irath* 
film* of the peripheral blood and of the aplenic pulp Ross (1932) alto repeal 
that rmears from the tphren of cases coming to autopty i bowed the prottft 
of phagoevtosed red cells and in several instance* the phenomenon wn An 
present in films of the peripheral blood. The engulfed red cellt always tppetrri 
to retain their haemoglobin. For that reason he considered that the appeaxmet 
indicated the presence of an increased erythropbagocytoais in the dhent 
These authors all conclude that its importance m the haemolytic proem o 
probably small, but that it may account for part of the redaction that cam 
in the red cell count However it* occurrence suggests the presence d rd 
cell antibodies. 

Autoagghitination of the red cell* was clearly seen In the two most treat 
cates of bbekwater fever admitted to the Johannesburg Hospital. Both tk* 
cases in their early stages also showed a tendency for the red ceD* to be no ao- 
cytic and hypcrchromtc an observation in turn indicating that there wa 1 
tendency to spherocytosis. 

Spherocytosis in cases of bbekwater fever was noted a* long ago *s 19® 
b> CHRUTonrott and Bcrrun* (1908) Tiiomjov (1924) confirmed 'i* 
finding noting that in stained preparations these small spherical erytlirocTW 
assumed much darker red than the other red cells when stained with 
More recently in a case of blackwater fever admitted to the Children i Hospdi 
Johannesburg For and Koxdi (1943) studied this question in detail and 6*™ 
that cells from a case of blackwater fever were more spherocytic than DOn *T 
but less so than those of haemolytic jaundice. Spbe r ucjtos is of the redcr»t 
of course, is one of the characteristic findings in familial haemolytic paa&e- 
Damjjhxk and SorwAirrx (1933) suggest that this condition h crated by ** 
autohaemolysin and ha* shown that one of the earliest demonstrable effect! 
a baemofynn acting on a red ceD a for the affected cell to become sphc^T^ 
Accordingly the occurrence of spherocytosis in blackwater fever farters 
hypothesis that this condition is caused by a haemolydn. | _^ 

Two other important observation* that suggest the presence of h**®"?*; 
similar in action to artificially produced antibodies have been node by 
and Koxdl 

Fot Kowdi and Modwjidu (1941) showed that red cells 
a haemolysing case of bbekwater fever from three different donors nnderaw 
haemolysis just as readily si did the blackwater fever patient a own ceQ*- ^ 
was interpreted as indicating that there is some circulating 
destroy* all red cells that corue into contact with it. Irrespective of tbeb®^ 
Thu finding a what would be antra pat ed if an immunological baenwwj* 15 
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concerned, thus donor# cells on transference to the recipient would become 
tennUxed b) the hacroolytm present m the recipient s circulation The cells 
are thus rendered susceptible to the action of complement and so to haemolysis 

Later, Foy et al (1945) showed that the red cells from a case of black 
water fever when transfused into a normal individual were haemolyzed 
w rapidly a# those remaining in the patient- This observation is also what 
would be anticipated if an immunological hacraolysin were concerned, for the 
patient’s red cclLs are already sensitised by the autohaemolymn so that, even 
if transferred to a healthy person the} remain susceptible to the action of 
complement snd are haemolyzcd 

That an antigen antibody reaction is probabl) concerned in the patho- 
genesis of blackwater fever is also suggested by a consideration of other condi- 
tions characterized by intravascular haemolysis Two of the best known of 
these are paroxysmal hsemoglobmuna and incompatible blood transfusion 
Both are known to be due to red cell antibodies which can be demonstrated 

in vitro 

A condition analogous to blackwater fever can be brought about expert 
mentally by the injection of an artificially prepared haemolytic serum into 
experimental animals. Christophers and Bentley (190S) and Dudgeon 
(1920) who investigated the effects of haemolytic sera on animals showed 
that the pathological appearance* were the same as produced in blackwater 
fever Thomson (1924) remarks there is so marked a similarity between 
the action of a true specific serum haetnolysm and an attack of haemoglobin uric 
fever that there can be little doubt that the mechanism is the same and if we 
can produce such a condition by continual attacks of malaria the problem is 
solved. 

ft is known that blsck water fever rarely affects an individual who has 
been resident in a malarious area less than 6 months, but thereafter the chances 
of developing an attack increase with length of residence The greatest number 
of cases occur in individuals who have lived for from 1 to 3 years in an area 
where malaria is hyperendemic, and who during this time have usually suffered 
from repeated attacks of malaria often inadequately treated with quinine. 

This time lag between the first infection with malaria and the develop- 
mcnt °f blackwater fever in itself suggests a process of sensitization. As the 
fotne taken for sensitization exceeds 6 months it is reasonable to conclude 
that the antigenic value of the hypothetical autoantigen is relatively low so that 
fepetted attacks of malaria are necessary before a state of sensitiviQ develops 
h may well be that, m addition to malaria treatment by antimalana! drugs is 
8 necessary factor for the development of this state. 

The evidence discussed above maj now be summarized — 

1 Autoaggluti nation and spherocytoaia of the red cells m caaea of black 
water fexer have been observed. 



1. Eryl brt> ph* gocytosi » j* commonly *ecn in unear* rude frees ix 
spleen *ad occaaionxliv m film* of peripheral blood. 

3 Red cell* from healthy donor* hactnolyze u rapidly in * caw cf Uxi 
water fever n the patient * own cell*. 

Red cell* when transfused into s normal person from a cate of biitim: 
fner harroolyxe a* rapidly a* the red cell* remaining in the patient 

4 Blackvnster fner tt closely simulated b> paroxyanul haemopktaara 
and incompatible blood transfusion, condition* both caused by known tal 
demontuable anti red cell antibodies and by the effects of arti Sadly pr viced 
haemolytic sera in experimental animals. 

5 There i* usually a lag period between the firtt attack: of nuhnJ 
the onvrt of black water fever Thi* time interval suggest* a process of * CB *' 
tuition. 

All these facts are readily explained on the assumption that *a 
h*emolysin is concerned in the pathogenesi* of btackwater ferer 0d« 
hypotheses put forward cannot satisfactorily account for them. Indeed, a em 
be concluded that bUck water ferer is almost certainly canard by 13 
autoha emolysm. 

One of the most puzzling feature* of black water ferer has thnj* 
its sudden and dramatic rmvrt. Sir Parmer Maxjov put thi* ptmk ® “* 
question to Dr Thomjov in 1922. “ Malaria is undoubtedly one of the f*cw 
but what pull* the trigger ? 

In Stitt t Tropics! Duratej (Sttoxo 1942) rt u stated that it t* CWHTT '^ t 
that a haerooh-am may be free to the bk>od stream or bound in certain cw 
but it u not clear what suddenly frees it or precipitates it* action 

It u considered that the hypothesu put forward tn this paper *h° 
for the* sudden onset of black-prater fever In this connection it t* «»**** 
discuss the site of fortnauoo of the haeraolysm There has been * caus **j 
amount of experimental work on the site of formation of tntibodie*. **» 
externa e literature dealing with this subject ha* accumulated, but K 
intended to review it here Suffice it for the present to note that much 
ha* been presented favouring the new that antibodies are prodoerd 
reticulo-endotheUal «y*tem of cells. The spleen t* the largest 
s y itern of cells in the body Several observation* have been made who* 
that the spleen is intimately connected with serum immune bodies. It Jj 
that the removal of the spleen aenoualy undermines the resistance « 
an infection with Bartonella mvru An infection which previously *** 
tolerated, after removal of the spleen become* rapidly fstaL 

In the field of human mediae e removal of the spken is known to 
the clinical condition of cases of familial haemolytic anaetma, a condrntm 
a possibly caused by amobarmolysins ( Dauxskec and Sorw'Asrr^^^ 
Splenectomy alio benefiu many cases of chronic thrombocytopenic £ nJT ‘^£ 
and some caae* of chronic leucopeora. Incidentally rt i* considered very 
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rhit these two condition* arc also caused by autoantibodies, and vnU be con- 
sidered from this point of view of thi* hypothesis in more detail at a later stage 
It was noted, incidentally in a paper on cases of Rhodesian sleeping 
sickness (Gear and de Meizjlov, 1939) that smears made from the spleen of 
experimentally infected animals showed few intact trypanosomes, although 
degenerating forms snd remnants of degenerated forms, were numerous In 
contrast, smears made from nil the other organs including the lymph glands 
showed numerous intact trypanosomes It seemed from this observation that 
the spleen is the principal site of the formation of trypanosomicidal antibodies 
It t* reasonable to expect that rt ts tlso the principal *ite of formation of other 
circulating antibodies It is likely then, that haemolysms responsible for the 
icute intravascular haemolysis of blackwater fever would also be formed princi- 
pally m the spleen. It would be expected, then, that when a person had become 
•enntixed, any factors causing a sudden contraction of the spleen so expressing 
its contained haemolysms into the general circulation, would result m an attack 
of blackwater fever 


On referring to the known precipitating causes of blackwater fever it ts 
found that they are usually given in this order quinine chill, exertion and 
violent emotion. These the chief exciting causes of this fever have one effect 
m common they cause contraction of the spleen. 

Thus it becomes clear why the onset of an attack of blackwater fever ts 
so sudden and dramatic. It is only when a sudden contraction of the spleen 
occurs that sufficient haetnolyim is liberated to cause intravascular haemolysis 
At other times it seems probable that the haemolysm is mopped up as it is 
formed and the number of red cells to sensitized is not too large to be removed 
by the re ticulo- endothelial cells before intravascular haemolysis takes place 
In that case one would expect that cases of subacute or chrome haemolytic 
anaemia, not associated with intravascular haemolysis would occur That 
such cases do occur has been made clear by Fairley Bkgmfield Foy and 
Kondi (1938) who described cases of haemolytic anaemia associated with 
chrome malaria in Macedonia. It is very interesting to note that these cases 
occurred in Macedonia, a region where more cases of blackwater fever are 
*een than anywhere else in the world. It seems possible, then, that these cases 
are more or less benign manifestations of the process which in more violent 
form results in blackwater fever 


Several writers on blackwater fever have considered that in tome way 
°r other the spleen is involved in the pathogenesis of blackwater fever 
ftUcKtocK and Macdonald (1928) believed that the sudden massive haemolysis 
« occasioned by the over production of earco lactic a cnl a normal constituent 
of the blood and tissues This is caused by anoxaemia particularly in the 
»pleen where the adherence of malaria infected red cells to each other and 
to the vascular endothelium interferes with the circulation. They point out 
that the agencies chill exertion quinine which precipitate an attack, all cause 



Kjurravrr* mrx 


contraction of the spleen, and this they consider accentuitea the onto; 
anoxaemia so that lactic acid formation and accumulation increase to baenehtt 
concentration* and leakage of haemoglobin into the portal circulation roah. 
Thu leakage become* increasingly apparent as arwlauoo through the »pfca 
become* re-established leading to hacmoglo hi naemia and hacmogkteira 
Row (1932) *t tidied case* from the point of view of tht» hypothot* and oc- 
cluded that the theory on which it wa* founded mu fallacious. 

Faimxv (1940) suggest* that a perversion of the activity of the rtbcsfe- 
endothelial mtnn occur* a* a result of chronic malaria, which mduta* 
ennjndrrahle hypertrophy of thi* ayatetn in general and of the apletn a p* 
t ico Ur He suggest* that an escape into the blood stream from a patbol^ci 
renculo-endotheha] intern of the intracellular hue e n ry m e, normally ropxalk 
for the destruction of effete red cell* occur* and ti rcapontibk for the 
vascular hactnolyn*. 

\ r*rr ( 194 1 ) put* forward a hypothesis of the causation of bbekwater ftwr 
bared on experiment* of I : AtrR\£Ui (1939), who *ho*rd that unde r earn 
condition* red cell* undergo a change he called stabilization. ^ IXT regl® 8 
that a similar change occurring in the splenic vein is responsible for the Eab^r 
of red cell* nj ca*e* of blsckwater fever to haemolyze 

For and ko-CDi (1943), who found that the red cell fragility to 
was increased m care* of blackwater fever state The enlargement « 
•plecn in to manv of there haemolytic condition* u regarded by mant ** 
considerable significance The production of lj*o lecithin a* a result « *• 
reparation of the cell* and plasm* in thi* organ ha* led to the suggest*® 
thi* powerfully haemolytic substance may play a pan in the hsemob* 0 
certain of there condition* 

\hhough the hvpotberea put forward by there author* differ often «tt 
considerably in thar basts they all bring forward evidence that in * o r ^ 
or other the splem is intimate h- concerned in the pathogenesis of 
fever It is considered that the role assigned to the apleen in the 
here put forward accords with the observed facts more satisfactorily 
other hypotheses of the causation of the condition. Mott of there hlF* 1 ®**; 
do not explain what might be called the specific nature of blidnW 
a apecifiat\ that is clearly explained by the assumption that a woic*** 
baerooiynn u concerned. Vifea 

It is now opportune to suggest the probable sequence of event* 
up to an attack of blackwater fever 

Red cell* infected with malarial parasite*, poasibly only *f ceI vt3S ^. 
with an aomnalanal drug or red cells titered by or combined with ^ 
malahal drug become autoandgenic, and m response to thi* «utomn? cfl 
antibody or haemolysin is produced by the reticulo-endothehal 
oculariy by the spleen. The titre of thu haemolysin u boosted by 
attack of malaria. When the circulation of the blood through the sp*™ 
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free, this haeraolyam is mopped up by the red cells and these sensitized red 
cell* are removed by the retie ulo-endothehal cells as they' are sensitized and 
before a demonstrable intravascular haemolysis occurs However, when the 
circulation through the spleen is impeded, and the spleen becomes congested, 
as it does m an attack of malaria which also provides a secondary stimulus 
to boon the utre, this haemolysm accumulates Factors v\ hich cause a sudden 
contraction of the spleen, such as the administration of quinine chill and 
exertion, now would suddenly express into the general circulation sufficient 
haemolysm to sensitize a large number of red cells and their haemolysis intra 
vwcularly would result in haemoglobinaenua and haemoglobmuna followed 
bv the other signs and symptoms of blackwater fever 

The acceptance of this hypothesis of the pathogenesis of blackwater fever 
may be of practical value If the haemolysm is produced by the spleen and 
expressed from it by conditions which cause that organ to contract it is obvious 
thrt it is desirable to prevent such contraction especially sudden contraction 
Measures to ensure this would be — 

Placing the patient *t absolute rest in bed lying flat 
Placing his mind at rest 

Avoidance of drugs which would cause smooth muscle contraction 
I It would also be desirable if such were available to administer a drug 
which would prevent the union of antibody and antigen 

The commonly accepted method of treatment of cases of blackwater fever 
aims it achieving these objects thus to quote Stitt s Tropical Disease j (Strong 
1942) Absolute rest in bed, avoidance of chilling and good nursing are 
prime considerations in treatment. Recently Burk ITT (1943) wrote that 
when treating cases of blackwater fever in East Africa he was struck by the 
groat restlessness of mind and body characteristic of that disease and to 
counteract this give 8 to 10 grams of sodium luminal intramuscularly In 
eight cases so treated m the evening all traces of blackwater had disappeared 
by the following morning He also reported that Dr J h Grecort of Nairobi 
( B *«nes of thirty cases all treated by intravenous injection of 15 grams 

of phenobarbitone and all cured at once He remarks that he has used 
the unscientific expression cured st once because it give* the picture 
A reasonable explanation of the success of this sedative treatment 
h*» been given m this discussion. 


The ldv inability of the administration of quinine to cases of blackwater 
evtT » still a vexed question Arguing on the basis of the hypothesis here 
put forward it would seem that, once the spleen had contracted and expressed 
it* haemolysm there would be little danger in treatment with quinine unless it 
withheld for a sufficient time to once again allow a considerable amount 
o haemolysm to dam up m the spleen However as then it would be a real 
, u ^ould seem that treatment with quinine should not be given for 
concomitant malaria unless mepaenne is not available Although the 
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evidence i» not altogether convincing it is generally accepted that tit rrpir 
taking of prophylactic quinine decreases the liability to blacbrater fere, k 
it known that the adequate treatment of malaria by qu mm e Kkense t fr raada 
the chancea of blackiratrr fever ket the irregular taking of propiyheae 
qumme, and the inadequate treatment of malaria by quinine, are rccopori 
at molt important fact on m rendering a patient prone to bUckmter trt 
A reason for even hta paradoxical »tate of affsin emerge* from thii ifociaan. 
It hta already been noted that the antigenic value of the autcantigcn a prohhr 
low and that it uiuaQy requires a prolonged exposure to lU action befxri 
itate of scnsiovity develops. Such a prolonged action would be aaoitd b 
irregular prophylactic quinine, and by inadequate treatment, both of vhi 
would show a latent infection to pertiat and to progress, but which would lU 
pre v ent such an mfection from frankly asserting itself thereby lessenmj £* 
body a natural development of immunity Alto because of the madqiaa 
treatment relapses are frequent and provide the secondary stimuli winci rcni 
in boosting the titre of an autoharmolyain. 

Accordingly from the point of new of prophjbxis it u important 6A 
if a person it taking prophylactic quinine, he should do so regularly but art 
important toll should he contract malarn it u essential that hi* UtaCM* 
should be thorough. 

It seems that thorough treatment, by eliminating the potential m> 
antigen, guards against the development of the autohaemolyim. In run a 
chrome malaria that have already suffered from bbekwater fever it u cues* 
that they should be thoroughly treated, because such thorough trtstss^ 
eliminates the autoantigen and it appears that once this u eliminated the toy 
of the autohicmoJynn rapidly diminishes. This was clearly dan*** 03 ® 1 
in a case of recurrent bbekwater fever induced by qumme described by f-*®® 
and MimctTKJTD (15M0) The capacity of qumme to produce bbekwater 
appeared in this case to be directly or indirectly re b ted to persisting o™* 3 
infection, which waa associated with a demonstrably enlarged spleen- 
ing effecii re treatment by atebnn and disappearance of the splenoowf 111, 
administration of qumme was no longer followed by hiemoglobcouna. 

Regarding the prevention of the union of antigen and antibody 
relevant to note that such properties hare been ascribed to aertjl 
aad. Thu therapeutic effect no doubt accounts for its great value in 
the symptoms of acute rheumauc fever a condition which it seem* 
will also be found to be caused by an a utoanti gen -antibody fca ^**Vre 3 
place ut tissues rendered autoanti gemc by union with haemolytic strep**-**^ 
toxin. As far as can be ascertained aspirin has not been credited ^ 
therapeutic effect in case* of bbekwater fever It would be interests 5 
the results of a trial of this drug over a large senes of cases & 

effect could be anticipated, because once haemoglotnnun* has ocau^m- 
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process his in most cases expended itself However its administration may 
be of value m the remittent type of case 

The other lines of treatment such ss blood transfusion for combating 
the effects of the intravascular haemolysis although the} are of the utmost 
importance and often kfe-savmg will not be considered in detail as the} do 
hot immediate!} concern our theme It is however pertinent to discuss bnefiy 
other conditions characterized b} intravascular haemolysis noting whether 
sny feature of them has any bearing on this hypothesis Of these conditions 
attention has ahead} been drawn to the effects of an incompatible blood trans 
fusion and to paroxysmal baemoglobmuna, both of which are caused b) 
demonstrable antibodies Of other conditions one of the most common is 
acute haemolytic anaemia following the administration of certain drugs Some 
of these such as phenylhydmme act directly on the corpuscles In others 
the reaction appears to result from an undue senamvit} In recent years 
the drugs most commonly concerned m the latter group are those ot the 
sulpha group We have seen two cases of acute haemolytic anaemia follow- 
ing the administration of tulphapyndme These will not now be described 
m detail suffice it to note that m each case towards the end of a course of 
treatment, acute haemolytic anaenua suddenly developed characterized b) 
intravascular haemolysis as shown by haemoglobmaetma and haemoglobmuna. 

It is recognized thit these accidents are rare and usuall} they are attributed 
to an idiosyncrasy of the patient. This idiosyncrasy is usuall} considered to be 
of an allergic nature In the hypothesis here discussed a rational explanation 
for their development is found which can be formulated as follows — 

Red cell 4 - sulpha compound or derivative — Autoantigen 
Red cell -|- antibody (hsemolysm) Sensitized red cell 

Sensitized red cell 4- complement «■ Haemolysis. 

In the cases noted above one was fatal, dying of uraemia following anuna, 
' the other rapidly recovered after withdrawing the drug As the condition 
developed soon after exposure to the drug it would appear that red cells linked 
' to the sulpha drugs have a high tmugemc value which accounts for the relatively 
1 rapid development of hsemolysm, but as this antibody unlike the haemolysm 
• of black water fever apparently acted only on red cell* that had come into 
contact with the drug recovery was rapid and complete. 

We hn\e also seen two cases of malaria in their primary attack, which 
j t’war&s the end of a course of treatment with atebnn suddenly developed an 
, ^te haemolytic anaemia, characterized by haemoglobins cm sa and haemo- 
^ Elobuuma. Although these cases being associated with malaria were considered 
? 10 ** cases of true blackwater fc\er it is our opinion that they were more directly 
'/ comparable with the type of haemolytic anaemia in the two cases noted a bote 
suiting from an acquired sensitivity to the drug It seems too that the cases 
J quinine haemoglobmuna of which many have been recorded also belong 
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to tlu* group The acute haemolytic anaemia of fa rum Gtewwe xppemo 
belong to tiui group 

Possible mrular in pathogenesis were taro cun of aplastic anaemfi, rrrtri 
seen in the Johannesburg Hospital. One followed * foU course of tr eroc: 
with sulphapYndine for pneumonia, bat it is of interest to note that thetp 
of aplastic ana emu did not become evident until 3 months birr Tbt ode 
sttruUrW foil owed a course of treatment with aulphapyndine and suipbanfcxi 
for tonsillitis 

It vs also of interest to note that re hare under observation o oetwrf 
chrome agranulocytosis that first manifested symptoms 10 moods after is 
second fuB course of treatment with fulphapjndine for gonorrhoea, 
blood film of this case in which the leucocyte count was usually in the oafiiffZ 
hood of 2JX*) was charactcracd by * considerable proport io n (i 20 ptr etc) 
of disintegratiag neutrophil teucocnes. A. surular blood picture atn be amSai^ 
produced in experimental animals bv the injection of an antdecencytr £3- 
serum. 

Another apparently analogous cue at present under observation t* that a 
* patient who followtng a full course of treatment for pneirntceua tmli ta^o- 
pyridine developed throrabocrtopertia. This first manifested itself I racctie" 
recovery from pneumonia and now ha* permted for 2 years. It t* rdevd E 
note that thremv boevt open va can be produced expenmcOuBy bv lbf 
of anti platelet strum. Theae interesting cases mil be described and dbc-**^ 
in detail tn another paper They arc mentioned now because it 
rational explanation of their pathogenesis ts to be found tn the hrpec** 5 
set out in thu paper 4 

The more funds nvttual problems of the constitution of *at2»£ a 
of complement hare not been discussed. It seems probable that ao ^ * C ^ 'i T 
may show that it » possible to correlate some of the, tt present, rpp*^ 
diverse theories of the pathogenesis of blaci water fever 

Strimant 

A hypothesis of the pathogenesu of bladnrater fever ruffe****? 
observation that liver emulsion from a rhesus monkey dead of T c ^ c * ,_ g 
autnnJates the formation of antsliver antibodies when injected info *&»*** 
rhesus monkey is put forward and discussed. 

This hypothesis max be formulated thus — 

Red cell — malarial parasite 
or 

Red cell — tnumalanaj drug 


Red ceB -r mtlanal parasite 
-+ antonalarud drug 


*» Autoantigen- 



JA3IES GEAR* 


818 


Autoantigen -f R.E cell system e= Autoantibody haeraolysin 
Red cell -j- haemolysm — Sensitized red cell 

Sanitized red cell + complement ■= Haemolysis 
It is noted that, in cases of blackryater fever the red cells show auto- 
agglutination and spherocytosis and that erythrophagocytoais is commonly 
teen in smears of the spleen and, occasionally in films of peripheral blood. 
Further, it has been observed, red cells from healthy donors haemolyze as rapidly 
m 1 case of blsckwater fever as the patient s own cells and on the other hand, 
red cells from a case of blackwater fe\ er transfused into a healthy recipient, 
haemolyze as rapidly as the red cells remaining in the patient. 

There is usually a considerable interval between the first attack of malaria 
and the onset of blackwater fever during which the patient suffers from repeated 
stacks of malana, often inadequately treated with quinine 

It is noted, too that blackwater fever is closely simulated by the effects 
of an incompatible blood transfusion by paroxysmal haemoglobmuna and by 
the effects of the injection of an artificially produced haemolytic serum into 
experimental animals 

All these observations are readily explained on the assumption that a 
biological autohaemolysm is concerned in the pathogenesis of blackwater fever 
Other hypotheses put forward cannot satisfactorily account for them especially 
for the specific association of blackwater fever with malana It is concluded, 
therefore, that an autohaemolysm is almost certainly concerned in the production 
of blackwater fever 

The site of formation of this autohaemolysm is discussed, and it r* con- 
sidered that it is mostly produced in the spleen. 

The boosting of the titre of the autohaemolysm resulting from repeated 
st tacks of malana often inadequately treated and factors producing a sudden 
contraction of a congested spleen m which autohaemolysm has accumulated 
arc considered likely to precipitate an attack and to account for the sudden 
dramatic onset of blackwater fever 

The treatment of the condition in the light of this hypothesis is discussed 
*nd it u considered important to prevent such sudden contractions of the 
•pleen. It is also important, in order to avoid the development of a state of 
sensitivity to treat malarial infections adequately 

Other conditions characterized by intravascular haemolysis are briefly 
discussed. It is noted that apart from incompatible blood transfusion, and 
P 3 roxyj mal haemoglobmuna which are known to be caused by biological 
*nubodies such conditions as the acute haemolytic anaemias following certain 
dnigi and of favism can also be reasonably explained. 

Cases of aplastic anaemia of agranulocytoses and of thrombocytopenia 
trc briefly described and it is noted that an explanation for their development 
u possibly to be found in the hypothesis here enunciated. 


D 
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POSTMORTEM FEMORAL BONE MARROW STUDIES 
OF KALA-AZAR. 

HEMEXDRA N\TH CHATTER JEE,* 1 
Department of Pathology Carmichael Medical Collect Calcutta 


kata tzar vn the acute stage is difficult to diagnose either clinically or bv 
Laboratory methods Its course is somewhat like that of the enteric fevers with 
a continuous pyrexia. In fact in not a few cases the disease is observed to be 
a prolongation of whst was clinically an enteric infection. The spleen mav be 
enlarged but not to the degree found in the chronic stage The usual biochemical 
reactions of the serum such as the formaideh\ de test or the urea-stibamine test 
*rc either absent or indefinite and the characteristic morphological changes of 
the blood such as marked leucopema, neutropenia and profound anaemia have 
not yet det eloped. 

Even at postmortem examination there xs a great liability to overlook the 
disease unless as a routine smears from spleen bone marrow and liter are made 
hala szar is usual!) unsuspected as very few cases die in the acute stage The 
causes of death st this stage are the various secondary affections The 
following tumroan is from the records of such a case 

, * The writer i* indebted for their help to Prof C C Bud for fadlitre* of work m 

n r> ? 5 * rtment Carmichael Medical College to Prof. M. N De and Prof 

U r TfttBEDi for access to the pathological material of Medical College Bengal and to 
J R SuikA* for his whole hearted and active hdp 

The present investigation was earned out with die help of * grant from the Indian 
Hesearch Fund Association 
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A mao aged 35 uu admitted to hospital with fever for the put 12 ip 
and great frequency of stools containing blood and mucus which gate an ipper- 
ance of a reddish-brown green coloured liquid. Elimination of itoob ihcnf 
large numbers of vegetative forms of Enlamctba hutolyUee Blood 
2 days after idmmion grre R.B C., 3,600 000 \\ B C 12375 polymer? 
nu clean, 72 per cent, small lymphocyte*, 28 per cent, large 
ml eosinophils, 2 per cent. The clinical dtagnosts was acute *- 
dysentery with malaria and influenza. 

Postmortem Fnuhngt — Large intestine ahowed amoebic oleenm 
Haemorrhagic areas occurred in the left lung which sank in water The spits 
weighed 700 grammes and the liver 1 370 grammes. The naked-eye *» 
of the bone marrow was that of formative marrow Kala-arsr m this parttfn- 
cne was not suspected until the microscopic examination of sections cf <— 
marrow at a much later date showed the presence of a large number of cbsc<> 
cytes packed with lajhmama. Sections from the spleen also showed the «=* 
parasites. 

From the point of new of the changes which are found in the bore nuntrr 
in kat* sxar these may be considered as taking place m three stages. 

Tire FIRST IT AGE. 

The marrow sections (Fig 1) from the case described above showed tbxM 
complete absorption and replacement of the fat cells. The general stratus* 
consisted of a large number of clasmatocytcs and also cells of mjtlcblntc 
senes. 

A differential count gave the following proportion of cells 
per cent erythnud, 25 per cent, clasmatocytes 45 per cent ot hg tra 
7 per cent Of the dasmatocytes about 30 per cent were seen to be par*® 11116 
with leahmama. Some had ingested red blood corpuscle*. 

It was remarkable that there was a total absence of any of the 
changes such as are found in the subacute and chronic stages to be P lt *® HT 
described The absence of degenerative changes ts all the more remark*®* 
there was no history of antimony injections. During life there had be* 33 ”*7 
little clinical evidence of kah ajar the diagnosis hiring escaped both the (Ju* 50 
and the morbid anatomist at the postmortem table. . ^ 

The bone marrow of acute experimental kib-atar has been 
laboratory animals, SHorrr (1923) studied the bone marrow of two 
rhesus which had received in trs peritoneal injection! of a mired eumb** 1 ^ 
Ever and spleen from s human kali-azar case. The animals were killed ® 
22nd and 34th days respectively The bone marrow in the shafts of 
bones of the leg was dark red in colour and therefore in a 
Microscopically the endothelial cells were greatly hypertrophied arid cm TflC ' 
with parasite*. 
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oar cue mi u follows myeloid, 30 per cent erythiwd 40 per cm 
cbinutocj'ta 5 per cent, other cell*, 2o per cent. 

In contrast to the fir*t stage tlmott iH the clasmatocytes were pvutml 

The*e cell* (tee Plate) are much larger than myelocyte* and po»» pro- 
truding and extending pro to plat rmc procc* tet which in the ordmirj ttanm 
are found to fide away into the general matt of ground aubttince CotBepeniJr 
the thape and tixe of these cells vary greatly The cytoplasm tala the oat 
tUm deeply Detached portiona containing only the parasite* may be oisenel 
The nudeu* ts usually elongated, rarely round and is eccrntncaDr placed, h 
ihtpe it oval planoconvex or kidney-thaped. It is usually single bat icnrtmn 
two or even three can be found in a single cell It stams deeply with box 
stains but not to intensely as the nuclei of the erythrobhitic ktks of et£t 
On the inner surface of the nuclear membrane are found a number of chnsnaa 
granules. The nucleoh are often arranged in pairs, occasionally in three* 
are placed eccentrically A fine chromatin network is found to connect the 
chromatin granule* and the nucleoh. 

The general ground substance of the marrow consists of ■ somorhit {her 
structure which to the naked eye exhibits what is called “ gelatinous dejewt*- 
tiQQ." It u unfortunate that the above term fails to give an idea of the dunT 3 
with which it is associated. As seen under the microscope hi tins cocAtra 
the normally present fat vacuoles show a ragged and irregular periphery A*® 
the precipitation of large amounts of a fine fibrillar substance cncmaa f * 
fibrils which stam well with the specific stains for fibrin (Weigcrt fibnn t* 33 *) 
and also by 'Nasser blau and Lena s alkaline methylene blue. 

These changes consisting of a fat disintegration as well as * prod* * 
precipitation of fibnn are not only present in kala szar marrow but slso to •h* 
of vanoua waiting conditions Thus Michael (1930) found it in order d fre- 
quency in tuberculosis and carcinoma and to a less extent in pyaem 1 *® 
degenerative productive nephntta lymphogranulomatosis and ulcerstm 
He also found it to be associated with comparatively advanced age and 
iQne**. Dicxson (1908) in earlier work threw a good deal of light on ™» 
condition. He pointed out the association of this condition with degend 5 * 303 
of fat Asis.xrr (1927) demonstrated the fibnn wreaths round the penp^T 
of the fat vacuole* and m agreement with DlCxsor considered that the fl«r*» 
precipitation is caused by cellular reaction*. 

There is increase of argyrophil reticular fibre* in the marrow of lab-® 3 * 
cases, but tins change is more marked in the next stage. 


THE THUD STACE- 

Thi* is a more advanced stage. It ha* been possible to obtain the 
marrow of three cases of this group The following further chmgo 03 
observed microscopically 
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(а) The total number of cells have become very few the cells of the myeloid 
sene* bang remarkably diminished The general picture as seen with ordinary 
haems toiyhn-eosin 8 tain present a somewhat homogeneous ground substance 
with comparatively fewer and more dispersed cell*, many of which are ckmnato- 
cytes. The reticuloendothelial cells or clasmatocyte* are the most conspicuous 
cells especially those with a large amount of amoeboid and branched proto- 
plasm. The majority of these cells are packed with the parasites (Fig 2.) 

Along with these we also find a fair number of erythropoietic cells some 
of which are megaloblasts. 

A differential count from the marrow of one of the cases was as follows 
myeloid cells 11 per cent , erythroid, 50 per cent , clasmatocytes 10 per 
cent , other cells 29 per cent 

(б) The fibrin deposition is more pronounced, the greater part of the ground 
substance consisting of a delicate mesh of the fibrin network which is well 
stained by the method* already mentioned. (Fig 3 ) 

(c) In addition to the above changes there occur* marked proliferation of 
the reticular fibrils as demonstrated by Foot a Bielchowsla stain. (Fig 4 ) 
These reticular fibrils differ markedly from the fibrin network m the following 
respect* — 

(1) They are argyrophil and take the stain well with the Foot s Bielchowski 
•tain which does not stain the fibnn 

(2) They are wavy and curly and discrete whereas the fibrin threads are 
ttraighter and have nodal thickenings, end interactions (Foot 1925) 

(3) They are not increased in other wasting conditions This fibrinous 
degeneration of the bone marrow and the hyperplasia of the reticular fibres — 

* two rather opposing features — form the characteristic finding in bone marrow 
of chronic kata axar 

Discussion 

From the change* go far described, especially those in the second and third 
it is not difficult to visualize the blood picture in kala near 

The great diminution of the cellular elements in the marrow and especially 
those of the myelocytic senes m the advanced disease may account for the 
leucopema and neutropenia. The appearance of the megaloblasts and a large 
Dumber of erythro blasts may be associated with the increasing anaemia which 
°ccurs m this condition and which might ultimately turn into an anaemia of 
the macrocytic type (Chattehjee, 1939) 

Summary 

1 The bone marrow changes in a care of acute kala aiar are reviewed. 

2. Various proliferative and degenerative changes in the sub-acute and 
^hrtmic stages are described and their bearing on the morphological changes 
found in the peripheral blood is suggested. 
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A FURTHER BIOCHEMICAL STUD1 OF THE BLOOD OF 
CHOLERA PATIENTS 

BT 

HEMKNDRA NATH CHATTERJEE,* 1 
Department of Pathology Carmkhcul Medical CoUrge, Calcutta 


The present study is a continuation of a previous paper published in 1941 
(Chattehjh and Sarkar, 1941a) and consists of the observations on the phenol 
content and the reserve alkalinity of blood of 55 cases of cholera Observations 
on the non protein nitrogen have also been made in these cases 

The cases recorded constitute clinical cases of cholera os evidenced by 
vomiting purging with nee water stools anuna muscular cramps, imperceptible 
pulse and signs of dehydration. 

The Phenol Covrorr 

The figures obtained by the writer show a definite me in the values of all 
the varieties of phenol (free total and combined) of blood. The normal averages 
of the phenol content as have been found m a different study (Chattebjee and 
Saixae, 19416) of 20 norms] persons are 2 24 mg per cent per 100 c.c. of blood 

, * The writer i» takmg the opportunity to offer ha thanks to Dr B C. Roy for ftcfllhte* 
fa the Chokes Ward, to Prof. C C. Basc for «ranUr faeflfaes in the Pathology 
iJ *P trtl nent, to Dr J Sajuco, Dr S Sen - and Dr b M. Ghosh for their very valuable 
***** unccre help 

Thb work h» been earned out under the auapke* of CapL Kalyan kuma* MvkhdiJIE, 
U ' C '' Reaemrch Scholar of the Cakutta UnnrcraJty 
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for free phenol. O'© mg per cent, for conjugated p ben oh and 2-63 aj. per 
cent for total phenol* respectively In contrast the average figure* for tktt 
hare been found to be 4-43 mg per cent 1 33 mg per cent, and 5-80ct-pe 
cent rapectjvely in ti\ case* of cholera whore blood waa examined Ufontq 
adrmniitratmn of aahne transfusion The highest and loweat and neap 
value* of there cholera o»e* will be found in Table I 


Tam I 

neenn or rmMU r« choum cur* rtm nuxirrxxri- 



Cholera Ctt 


NomJ C**i 

n*.ptf «*• 

HiRbrt*. 
m* per cm l- 

m|. per cut J 

A mjre, 
mf per cent. 

Free phrooJ 

1 au 

a a { 

4-ea 

I » 

Comtxocd phenol 

It 

o-ej i 

I IS 

0-J* 

Total phenol 

a a 

4 17 

Ml 

mm 


A* is well known a high ipeafic gravity of blood r* the imtfl J 
cholera. The following table (Table II) abow* a few u»ual C»*c* of 
in which both the 'ipeafic gravity of blood and its phenol content were vp- 


Twu II 

i *moupx 3 na tnctnc cum or auxa> Akp r 


Case No. 

Specific Grain 

Free Pbrool, 
mf. per cent. 

Comhmcd Phenol, 
mf. per cent. 

» 

1 070 

5-00 

1 -3 

■42 

i ore 

4 M 

1-01 

44 

1 0T7 

3 77 

• 73 

03 

1 0*?J 

4 17 

0 03 


Tool t** 


• a 

t -» 


After following up the care* which received aahne trarafueona a 
mcreaaed phenol content has been observed to peraut in a good numfcer_^ ^ 
although the apecific gravity was aeen to come within normal hunts- ^ ^ 
our renca the mcreaaed phenol waa obrerred to peiant m 70 per ^ cdX ' ^ ^ 
reading* whereas high apecific gravity waa noticed only in 51 per cent 
reading* of our case* after saline tramfuaiona. 

In other word* with trflnafaaion of aahne the apecific gravity ° nru ^^ c 
ind the phenol content tended to come close to normal but the 
latter were still somewhat higher than the normal average a* will be 
by Table III ah owing two typical caaea 
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Table m 

TWO CASES OF OtOLFU Arm TRANSFUSION SHOWING aprctnc CTATTTT AND PHENOL VALUES, 


Coe 

No. 

Date of 

Salme 

Treatment. 

Specific 

Gravity 

Free 

Phenol, 

me- 

per ceoL 

Combined 

Phenol 

mg 

per cent 

Total 

Phenol, 

me 

per cent. 

W 

6 0 40 

Before 

treatment 

1 0"0 

6-00 

1 25 

6 25 

R 

7 6.40 

After 


1 060 

2 80 

0 30 

3 10 

-R 

0 6.40 

m 

TI 

1 058 

2 77 

0 23 

3-00 

C9 

18 7 40 

Before 


1 056 

3 57 

2 68 

6 25 

„R 

10 ~ u 

After 

“ 

1 054 

2 90 

1-40 

4 20 


The increase in phenol is not due to concentration of blood as the same 
been observed in three cases with low specific gravity of blood and great 
prostration, the so-called vaso motor type of cases 


Table IV 

caw or cholera with low specific GRAvrrr and hjch phenol con tent of blood 


C»et^ 

Specific Gravity 

Free Phenol, 
mg per cent. 

Combined Phenol, 
mg per cent. 

Total Phenol, 
tng per cent. 

26 

1 051 

3 10 

1-00 

4 10 

29 

1058 

4 17 

0 8J 

5-00 

~0 

1 056 

4 11 

0 83 

5-00 


On the other hand in four cases a low phenol content with a high specific 
gr*vity was observed These were cases which came to the hospital early and 
were convalescent in a day or two This is shown in Table V 

Table V 


CUES WITH HI OH SPECIFIC GAATTTT AXD LOW PHENOL CONTENT or BLOOD 


C«*e bvo 

, Specific Gravity 

Free Phenol, 
mg per cent. 

Combined Phenol, 
mg per cent. 

Total Phenol, 
mg per cent. 


1 1 069 

1-62 

0-42 

2-05 


j 1 064 

2 50 

1-00 

3 60 


1 068 

2 .9 

0 84 

3 12 


1 064 

1 

2 60 

0 30 

2 80 
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The Reserve Au^linitt 

The reserve alkalinity of whole blood (oxalated) was estimated by 4 
method of Lett Rowntree and Marriott (1915). The nine bn b«n food 
to be on the acid aide in the cholera cases. The average figure* of o afarf 
whole bk»od of RpH in normal persons was found tobe82to851nocr mfca- 
tion (Dr H. N Mueerjej) There doe* not teem to be any direct u*ocat>a 
between RpH and phenol, although a low RpH and high phenol content w$t 
be present together But the return to normal of the reserve pH aeem* 
subsequently to that of specific gravi ty and phenol content, the ipeafie F 1 ™. 
again becoming normal earlier than the phenoL (See Table VI ) 


Tamx VL 


mxot ccctttxt atone osavitt ajcd mum aucxlwttt or mjxb. 


Cm 

No. 


8pfci6o 

Gravity 

Ft t» Ptwnot, 

t»l. p*r «nt. 

Combined 
Phenol, 
mg. per ctoL 

To«I Phrooi. 

ms per cent 

Rp& 

44 

ioe.40 

1070 

3-00 

0-73 

4 30 

14 

R 

11 640 

1 C*50 

3 *3 

O-fll 

4 11 


R 

1..S.40 

1 ,00-3 

5 M 

0-M 

3 33 


34 

ra.«.4o 

I l*S- 

5 77 

2-ao 

4 IT 


■a 

t 740 

10M 

1-30 

•30 

1-00 



Oth t* Feature*. 

The non protein nitrogen (N I\N ) u u well known is S €Den ^LU Wt 
lbore normal in cholera The a r eia ge rahie of NT.N m thi* * cr **’ ^ 

administration of aahne was fonnd to be 57 8 mg per 100 c.e. of bk**" 
may be expected the tranafuaion of aaline and glucoae lowers the value “ c ^ 
along with thia the figures for RpH specific gravity and phenol iro P rOTC ' .*■ 
VII shows the impr o ve m ent in blood chcmi* try gunning pan pass* with i» I P fV1 
ment in clinical conditions of the patient. 

Methods 

Procuring blood from a cholera patient is a comparatively 
ccduxe owing to its high concentration and great Lability to clot 
syringe. The greatly colkpied condition of the reins is 
The following is a aummary of the procedure adopted. Two **^^,*1 
ne cessa ry for obtaining the samples and two 10c.c. glass syringe* wit h p 
identical sire are used. One of the workers puncture* ■ * 

ran withdraws 10 cx, of blood and removes the syringe while km®* 
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Tablk VII 


Coe 

No 

Date. 

Symptom. 

Specific 

Gravity 

Free Com 

Phenol, 1 btned 
Phenol, 
mg mg 

per per 

cent. cent. 

Total 

Phenol, 

mg 

per 

cent. 

RpH 1 N.P.N 

1 mg 
per 
| cent. 

Treat 

roent. 

IS 

6040 

Vomiting 

purging 

anuria 

1 070 

5-00 

1 25 

6 23 

7-6 

56-0 

Tran* 

fusion 

R 

6.6.40 

Pur cuitr 

1 060 

• 90 

0 so 

3 10 

8-0 

42-0 

_ 

R 

9 6.40 

Connies 

cent 

1 06S 

2 77 

023 

3-00 

8 2 33-0 

1 


41 

10 6 40 

Vomiting 

purging 

an uni 

1 0 0 

3 77 

0 73 

4 50 


83-0 

Tram 

fusion 

R 

118.40 

ImproTea 

1 080 

8 55 

0-81 

4 16 

7 8 1 — 


R 

1-6 40, 

- 

1 035 

2 58 

0 W 

3 53 

8-0 

42-0 



needle in niu From the syringe a drop is allowed to fall into each of the specific 
gravity bottles containing the various glycerine water mixtures for observation 
of specific gravity The rest of the blood is transferred to a dry oxalated test 
tube, for the purpose of RpH determination of the whole blood. 

The other worker has in the meantime, with the second syringe, withdrawn 
a further 10 c.c. of blood through the same needle and transferred it to another 
oxalated tube for the purpose of determination of the phenols. 

(1915)^ Wa * determined by the method of Levy Rowntree and Marriott 

The phenols were estimated by the method of Theis and Benedict (1924) 
or the N.P.N the micro-Kjeldahl method has been used 


Summary 

1 A markedly high phenol content of blood was observed in all cases of 
C k^ orc *dmmistration of saline and figures somewhat higher than normal 
in U per cent of readings of cholera cases after the administration of saline 
transfusion 

, •pocific gravity of blood falls to normal with the transfusions but 

ttlc incrca »ed phenol persisted in the above cases 

Early and comparatively mild cases of cholera receiving prompt treat- 
I ^ CDt *howed a rapid return to normal of specific gravity ns well aa a normal 
Phenol of blood. 
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4 'There u-j* a di rawuhed rtvnt alkalinity of the blood. Thu perwad 
even after tit ipeofie gravity and phenol content of blood were bioujit 

to normal 

5 The clinical improvement run» parallel with the improvement rf tk 
blood chcmatry 
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A FIELD EXPERIMENT ON THE PROPHYLACTIC VALUE OF 
PENTAMIDINE IN SLEEPING SICKNESS 

BT 

L. VAN HOOF R. LEWILLON C HENRARD E. PEEL 

AND 


B RODJESTVENSKi 

Imtitut dt MM rant Tropical* Pnnerae Astnd L/opoldvHI* Belgian Congo 


An account of both curative and prophylactic action of pentamidine has 
been given in these Transactions (Van Hoof el a! 1944) It was then 
>tated that in 1943 a large scale tnal under natural conditions of exposure 
to infection had been started on the prophylactic value of pentamidine 
against Gambian trypanosomiasis This field experiment now affords sufficient 
data from which to draw some practical conclusions 

I — The Experiment 

In a heavily infected focus of the Kwango District of Belgian Congo 
two villages were selected Iwungu and Mukwamene m which 1 124 natives 
frved. In 1942, ninety-nine new cases were found these, together with 
•^verity old cases already under treatment and also the non permanent residents 
excluded. 

From those remaining in December 1942, 721 natives were given one 
injection of pentamidine on a basis of 0 003 gramme per kg body weight The 
v ^ rtccivcc * no injection, and were selected as controls, so that they could 
*nare as equally as possible the chances of infection to which those under 
investigation were exposed, for example one woman or one child in each large 
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The fly density (Gfotana palpohs) ™ high, though loaned to datx- 
terattc breeding grounds near feme* *t watering placr* arid soabng fhea 
for mintoc, along the palm- Co rated banks of rivers and native phntiuotJ ■ 
half flooded field*. The infection rate of flics was not tested. 

Fmt nrve\ March April, 1943. 

694 myected negatives New cases wL 

200 control* New cases 6 (i./ 3 per cent.). 

Second surer? July 1943 

679 injected natives New case* mL 

194 controls New esses J 0-5 per oot) 

II — Following Up the Extoumct on New Lem. 

The 679 natives injected in December 1942, and itiB healthT t* 
1943, were then divided in two sub-groups 370 were injected tpm a Jdr 
1943, and 3(J9 kept u controls laethiomc sod pentanudme salt **a n 
the dose of 0*004 gramme per kg body weight ts indicated by the drug 0»*' 
fsctmxr instead of pentamidine hydrochloride 
Third surety November 1943. 

361 natives injected twice December 1942, and July 

New cases nil. 

332 native* injected once December 1942. 

New case*, 4 (ne„ 1 2 per 

184 controls since December 1942 1 new case (ix^ 0 5 per crotj 
Fourth surety February 1944 

354 natives injected twice December 1942, and July 

1 new case (ue, 0 3 per ««*■> 

331 naores injected occe December 1942 New «***- 

(i.e I 2 per cent). 

193 control* 1 new case (nr* 0 5 per ceot). 

Ill — C uni cal Aspect of New Patients Docotmd dc*lvo thu 

i MESI 1 QATTOX 

At the start of this experiment all the natives had been 
examined. Those with enlarged ctrvta! gland* were punctured toot* 
Lumbir puncture trst performed oo tome of them, *z>6 
films made of the whole population. During the surrey the same 
was applied, including the examination of the blood of all the native*- 
all these precaution* were taken in Bayer 205 prevention in the 
not on usual to find cases of aleeping nckne« many month* 
of this particular drug Such cases were, however only discov* 3 ” - 
examination of certbroapinal flind. It has been suggested that ^ 
injected as a prophylactic ha* #umetones concealed the disease the 
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system vra» involved without any appearance of trypanosomes in the peri- 
pheral blood and the lymph glands Fearing a similar process with pentamidine 
we insisted that all the new infections occurring during the investigation 
should be subject to lumbar puncture. But all of them (a total of eighteen) 
showed normal C S fluid for cell count as well as for albumin, globulin and 
absence of flagellates No cryptic trypanosomiasis was favoured by the 
new prophylactic and this may be an important advantage 

Summary and Conclusion 

Drawing attention to the. fact that this investigation was conducted 
on the most practical lines using intentionally a single injection of a perfectly 
talented dose and involving the minimum of staff and technical work, it 
appears that the results are better than those obtained by other workers, as well 
»s ourselves, with suramin drugs 

There are reasons to believe that tn the field a single dose of 0-003 gramme 
per kg body weight injected m the muscles protects the healthy from sleeping 
sickness infection for at least 6 months with lsethiomc salt of pentamidine 
the suitable dose will be 0-004 gramme per kg body weight. 
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AINKUM A CLINICAL SUMMARY OF FORTY-FIVE CASES ON 
THE ISTHMUS OF PANAMA. 

BY 

B H KEAN 

Capt n Medtcu! Corps Army of the Umted States 
HAROLD A TUCKER m.d 

AND 

WILLIAM C MILLER 


Introduction 

Amhum b a disease of negroes in which a b*nd of constriction form* st the level of 
Ihe digitoplfljititr fold gen era lly of the little toe this constriction becomes progressively 
deeper until only n tiun pedicle attaches the toe to the foot. The toe becomes bulbous 
*nd occasionally swollen. Eventually spontaneous amputation occurs Excellent db- 
ewion* and fUustrstians af the condition may be found m textbooks of tropical medicine 
(Manson Bah*, 1913 Stbono 1942) Spi.vxrc a article (1939) is especially recom 
mended. 

8eversl hundred cases have been reported in the world literature since da Silva Lima 
“med the entity in 1887 but the majority of the articles describe only one or a few casern. 

reports have preciously appeared from the Isthmus of Panama Weinstein (1912) 
*, Maxel (1930) each reported two cases m West Indians Irving on the Atlantic tide of 
the Isthmus. 

Dunng the 40->ear penod from May 1904 to May, 1944 there were 
546 760 admissions to Gorgai Hospital. From the files of these admissions 
we were able to collect forty-two cases of amhum. Three additional cases were 
obtained from the records of the Colon Hospital Surgical Clinic The data 
on these forty five patients provided the basis of this report. 

The Data. 

Incidence 

The incidence of amh um at Gorgaa Hospital was 1 5 per 10000 male 
Vest Indian admissions. West Indian males represented approximately 50 per 
CCnt - of all hospital cases. The incidence per patient could not be obtained 
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because the 548,760 admission* to Gorgas Hoi pita] included rradranooa «f 
the same mdrvrduala. \o significant annual variation wu noted the a et c 
of cases per year ringed from Done to four 

Rate 

All of the patients rrcre West Indian negroes most of whom bad bets 
“ imported ” to the Isthmus during the construction period of the Pmea 
Carol, l*Xt> to 1913 Twenty of these patients were born m Jmowa, ten a 
Barbados three m Antigua, two in Guadeloupe, and one each in Sunt Vexed, 
Santa Loos, Martinique Fortune Island, Grenada, and Montserrat. Iafiw. 
the birthplace was merely designated as 14 Meat Indies. 4 * "No cases ixuimi 
among white or mestizo patients who comprised one third of the bcspal 
population. The mestizos were Panamanians of mixed Indian and aha 
descent. 

Sex 

All of the patients were males. Although the ratio of West Indian sa^* 
to female* on the Isthmus has been approximately three to ooe, Done ol dr 
cases of imbum were in females 

OctnpaUon 

AD were labourers except three seamen, two fanners two waiters, * 
and a laboratory worker 

Age of Oxset 

The average stated age of onset was 35-9 years, the distribution sccofi&4 
to decades being as foDows — 

11 to 20 years 3 61 to 71 years — jj 

21 „ 30 „ 13 Data not available 7 

31 „ 40 „ 3 — 

41 „ 50 11 Tool 45 

51 „ 60 „ 2 — 

In six patients evidence of the disease was present prior to arnnl 
Isthmus in thirty-one an average of 11 3 year* elapsed after amra] be« ,E 
the onset of the condition. In eight, data on this item were Dot sraibi^- 

Stie of laco/vertewt 

The little toes were involved in aD instances. The right side was 
eighteen time*, the left thirteen, and the fourteen rem a ining p 1001 ® 
bilateral ainhum. Both hole toes were often affected simtihaDetnaJv 
one patient 18 years intervened betwe en amputation*. Involvement ^ 
other than the fifth occurred in one patient the third, fourth, and nun 
bilaterally were affected, but only the little toes required amputation. 
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Family History 

A history of ftmilud imhum could be obtained but once the father of the patient 
bad had the affliction of the co n e* po o ding toe In five mrtance* familial tendency was 
JpeaficaDj denied and in the remainder no pertinent statement wm made. \\ ECs'iTEIN' 
(1912) reported a Wert Indian "family hvmff m the Canal Zone m which the patient, hi* 
father brother and nephew wrre all affected 

Symptoms 

P*in was the preaenting symptom in forty four of the forty-five patient* 
Thu pain appeared late in the course of the disease and was of sufficient intensity 
to compel hospitalization for relief Early pain was mentioned in twenty -one 
cate* , in four of these a history of local trauma was obtained and m six corns 
or all uses were noted on the affected toes In a single case late anaesthesia 
uii said to hi\c been present. Ulceration usually of minor degree was present 
in nine of the patients. These data emphasize the fact that amhum is a painful 
disease in tome stage* at least, despite widespread opinion to the contrar) 


Treatment 

Amputation was performed in all cases Result* were uniformly satis- 
factory the pain was relieved and did not recur The average age of Operation 
wa * 4^*9 year* with an average period of 5-0 vear* hating elapsed from the time 
of onset The duration of the disease varied from I month (questionable) to 
20 year* In four patients with bilateral involvement, both toes were taken off 
at one time in five the average interval was 7 4 years between operation* with 
a maximum of 18 year*. The interval was not recorded in the five remaining 
patents of this group but one of them had some years before removed the toe 
nr*t involved with a chisel Age distribution at the time of amputation was — 
21 to 30 year* 11 61 to 70 years 1 

31 40 12 Not stated 1 

41 50 11 — 

51 60 9 Total 45 


Discussion 

Various theories have been offered as explanation of this bizarre condition 
but for none of these is there good evidence (see Spinzig 1939 for summary) 
Although leprosy has been suggested as an aetiological factor no evidence 
0 that disease was found in the patients in thia senes In a review of 110 
*utop*iea on lepers performed at the Board of Health Laboratory during the 
P^nod 1904 to 1944 no instances of amhum were encountered Dr Ezra 
URWrrz, the Supcnntendent of the Palo Seco Leper Colony Canal Zone 
* cc u amhum among 225 patients admitted to the colony 
„ kypHdis has been mentioned in this regard In nineteen patients the 
merma nn test of the blood was negative in eight positive in two doubtful. 
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nnd in sixteen the tat was not performed The incidence of penurt Wu» 
mann tat in these pabents was not significantly higher than in the joed 
population of this stratum of society 

In no patient was a history of self mutilation qbtained. 

A particular search was made for mention of keloid tendency for it 
thought that this might give a due as to the aetiology of the disease. Id only 
two instance* was a definite tendency to keloid formabon recorded. Tabera* 
Ions ond general arteriosclerosis of significant degree each was present o i 
single patient scleroderma was not mentioned at aQ 

Injury irritation, and infection hare also been blamed. It may be cupla- 
tned that these na trees or their ancestors hare been transferred from Afna 
to the Wat India and from there to the Isthmus of Panama three pbers a 
which ainhum occurs but in which environmental condibons differ radkalj 
For example in Africa the natives do not wear shoes, in the West Indies M 
do and tome do not, whereas in this sen a of casa most of the pabeeb xm 
shoe wearer*. 

In general, then, we may conclude that ainhum probably is tK< aast ^ 
directly by environmental factors or other disease but is associated with * 
hereditary racial tendency Sickleseraia offers a useful analogy 


Summary 

The clinical data of forty five casa of ainhum on the Isthmus of 
during the 40-year period 1904 to 1944 are summanred Thu disease occurred 
in adult active, otherwise healthy Wat Indian negro males, the reoda** 
bemg 1 5 per 10,000 Wat Indian male h capital admissions Pam wu the 
prominent symptom. Amputation provided satisfactory results. No endear 
of basic relationship between ainhum and other diseases such as 
srphihs, scleroderma, and arteriosclerosis was noted, nor did environ*®" 
condibons appear significant. An hereditary racial tendency was bebeifd ta 
be the moat important factor in the development of ainhum. 
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TICK-TYPHUS IN ABYSSINIA 
m 

A D CHARTERS hd d rat * H. Caft EJUUtx.* 


Since no previous description of tick borne typhus in Abyssinia can be 
found in the literature, and seeing that the following case* differ m some respects 
from the disease which is endemic in Kenya and South Africa, an account of 
the senes may be of interest. That the disease exists in Abyssinia has been 
chimed by the Army Pathology Laboratory Service in its Current Notes for 
^tcemher 1941 C Mansov-Bahr (1942) has also recorded a case of tick- 
home typhus in Addis Ababa, but stated that the patient must hare contracted 
R in Somaliland. 

The small outbreak occurred at Babde which lies at an altitude of 5 000 
^ft *nd is situated 17 miles from Harar The patients were admitted to 8th 
(KA.) Field Ambulance, to which unit the writer was Medical Officer There 
five cases one of which was a * forme fruste and will be described 
^Tamely One of the patients was treated by his Medical Officer Caph R. M 
EtfHEAD, during his bout of typhus but was admitted to 8th (E.A.) Field 
Ambulance for hit orchitis 


1 indebted to Brigadier R. P Cokmacx, ojul Director of Medical Service* 
rt 7‘"V Ea * t Africa Command, for permitting me to publish tha article I with to 
my gratitude to Dr GeaTHCD Trnim for her matructuxu on tick identification, 
poanble a aurrey of the local apecie* and to Capt. R, M, Cadexhead for hi* 
v - t> - 0 perHion and for *ernimg me *u*pected tick %-cctor* 
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AJ1 cases occurred within the space of the three month*. Mirth to Joe, 
1943 three of the patient*, all from the ci me battalion, developing the berm. 
dunng March- Only two unit* in the area were affected. 

There was a history of tick bitca in three ease*, at period* of 5 dip, >1 
da)i and about 2 weeks respectively before the onset of symptom*. An srd 
leal on wa* present in two of the cases, the sites of the ulcer* beinj the rg it 
groin and perineum respectively Another patient, while exhibiting do premj 
tore suffered from a tender enlarged inguinal gland and gave a hutwj dt 
tick bite on the umbilicus 2 weeks prenomly The primary ulcer wbei w* 
painless resembled exactly that which a aasoaatcd with Kenya typbn*. It*® 
about 1 inch in diameter and had a black necrotic centre sod indurated t« 
It was surrounded by a red areola. The lymphatic glands draming therfoai 
area were enlarged and tender 

The onset of general symptoms coincided with the appearance of the pnfl*T 
eschar A complaint common to all cases n as a severe and intractable beadsAf, 
out of proportion to the height of the temperature. Mental depre*s»n 
also a prominent symptom. Joint pain* (in left hip *nd left shoots) *°* 
present in one ca*e 'rhe tongue was furred, but, apart from anorem, 
were no gsstro-intestinal symptom*. The spleen could be felt in t*t> a» 
and the lrver was both palpable and tender in one patient. One me erUat" 
a pamleaa enlargement of hr* posterior cervical, atiEUry epitnxbkar m 
inguinal gland*- , 

The pyrexu (see Chart) wa* variable in character but wa* uflidly 
irregular type. The maximum n*cs of temperature were 102-4 102* p* 

cases) and 100 8° T The durations of fever were 7 9 12 and U ^ 
respectirely .. 

The rash, which resembled that of Kenya typhus, appeared on 
day m one cue and on the 6th day in two cases. (The fourth patient 1 1 
was uncertain.) The eruption consisted of slightly raised rose-coloured 
which disappeared cm pressure. A* the result of the appearance of *occe*^ 
cr o p s, the individual element* varied in sac The distribution, 
widespread, corresponded exactly to the Kenya form no part of the b* ”7 
•pared even the face palms and soles being affected As in the Kenya 
the raah tended to become more evident with rise of temperature and' ® ^ 
when the fever dropped. In one case a thick crop of papules develops ^ 
site of application of hot fomentations Subjective symptoms referable to 
eruption were almost completely absent. In one caae only wa* there a a * B rT^ 
of alight itching in two papules, which differed from the rcmaifldcr 
raah in being abghtly more raised above the surface and in failing to 
on pressure. In the writer a experience the spots of Kenya typhu* crrC ^F^, 
rise to itchmg. The rash commenced to fade along with die *ub»da*® ^ f 
pyrexia and. Eke it* Kenya counterpart left a faint stain which peraht® 
few days after the fall of the temperature 



A. D aiARTEBS. 


837 



S33 


tick nraii. 


Owing to the abtence of a hacmocyto meter total blood count* coqM w 
be performed, but the differential leucocyte count* are tabulated below — 



C« 1 

C*M - 

Cate! J Cw *- 

Tnn» of rouni 

ith DjT 

WfcDa 7 

Dur»i* l« Week, j Duite* OcWt*. 

PofTTOoephoriudewri 

U 

» 

at 1 •* 

Ljinphocytn 

40 

to 

3* jn 

Monocyte* 

ra 

i 

n 4 

Fo» mopli h 


0 

n • 


Weil Felix reaction* were earned out by No. 1 Mobile Laboratory 
Proteus 0\I9 0\K and 0\2. All case* were negative with the excfpnoc “ 
one patient, whole terum agglutinated Proteus OV2 in a dHotwa rf 1 ^ 
on the 10th day 


COMPLICATION*! 

Unilateral (right aided) orchitu complicated the diaeaae in two ptjentK 
commencing 1 1 and 14 day* after the fall of the original pjTexta The ay®?*®®*' 
which were aimilar in each caae, comp rued a tender enlargement of the “**** 
and lame ngidity in the right ibac foaa*. There was a *Gg ht me of tetnpmtntr 
for 1 dava. Examination of urethra p restate and urine revealed no abnormhtf 
There waj no hiatory of venereal diaeate The durauon* of orchiti* were o tsfi 
9 day* reaped i re 1) Anung a* these aymptoraa did, >o long after the »“* 
febnie course, their nckettaial on fin r* not certain but the coincidence <* t»° 
case* i* auggeative. 


Forme nrorrt. 

One patient, not included w the above Knea, developed mild fysB^xr^ 
auggeauve of an abortive attach ( forme fruate ”) of tick typhus. He I 1 ** 
hiatorv of having been bitten by trek* on hi* legs 7 to 10 day* prevroody 
did not remember a bite in the armpit. He noticed a sore in hi* tight 
on 12th June 1043. Two day* later he complained of a headache and p® 11 
hi* * boulder and at the same time observed that he had a ra*h. . 

On examination on 15th June he waa found to have a typical j 

in hi* right armpit and a tender axillary gland- The eruption 
charaetcnitic roae-cokrured papule* and had the following 
t w e n ty five papule* on back, thirteen on chest and abdomen, »eve n ^ 
three on face and one on right thigh. There wa* a painless enlarge 11 *®^ 
cerv ical, epi trochlear and inguinal jtind* the tongue was dean die 
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tad liver were impalpable the pulse rate was 00 per minute, but there was 
no me of temperature A differential leucocyte count performed on 15th June 
ra as follows polymorphonuclear*, 36 per cent. lymphocytes 46 per cent 
monocytes 14 per cent and eosinophils 4 per cent. 

The primary ulcer and rash began to fade on 17th June only 5 days from 
the date of onset of the disease, and had almost disappeared 2 days later The 
headache and joint pains persisted for a total period of 3 days At no time was 
the patient sufficiently ill to take to his bed or even to relinquish his normal 
(office) employment A Weil Felix reaction was not earned out. 

Another patient received a second tick bite during his stage of convalescence 
Hu temperature had been normal for 12 days and all previous signs and syinp 
toms had disappeared Although he suffered no ill health, his new sore refused 
to heal for 26 days The ulcer which was situated in his left axilla and was 
accompanied by regional adenitis, resembled the primary eschar of tick-home 
typhu* It appeared that his bout of typhus while promoting sufficient immunity 
to ward off a generahred infection filled to supply adequate protection against 
* primary lesion Apparently the immune bodies of Abyssinian tick typhus 
Gke the agglutinins of its South African analogue do not reach maximum 
potency until convalescence is well established 


Transmitting A cent 

An attempt was made to ascertain the arthropod lector of the disease 
At the time of the epidemic the grass was long and ticks were numerous One 
of the patients, a hygiene sergeant, performed duties which necessitated walking 
P* the long grass He suffered from a typical tdche noire in his right groin 
but did not remember being bitten. Another patient caught two ticks biting 
hnn 3 weeks before the onset of his attack, and gave them to Captain Cadenhead 
identified these specimens as a male Rhtptcephalus pulchellus and a female 
mblyomma marmoreum It is uncertain which of these species was the inter 
mediary but as A marmoreum was commonly found attached to reptiles 
(tortoises and puff adders) whose blood it is known to prefer it is probable 
that R pulchellus was the vector 

A third patient gave a history of having been bitten by a small brown 
tick, which may have been Haemaphysahs leachi a frequent parasite of dogs 
in the district. A fourth patient drew a pepper tick from its attachment 
° bu perineum this was evidently the larval form, a stage in the life cycle 
wu * extremely common during the rainy season and often caused dis 
tre ** ln 8 eruptions of the legs 

n, ^ collection was made of the prevalent Ixodidie in the area. They included 
pxtphalm pulchellus (cattle and dogs) R simus (cattle and doga) Amblyomma 
oartfjafum (cattle) A marmoreum group (tortoise and puff adder) and Haema 
physalu leach (dogs) 
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Comment ajtt 


There can be httle doubt about tbc diagnosis of typhus. The hntnyif 
a tick bite m three of the case* the angry looking primary tore with iu bhd 
necrotic centre and regional adenitis, the typical rash which appeared in crop 
and charactcmticall) involved the palm*, soles and face, the severe b<nd*±f 
out of proportion to the height of the temperature and the course of the £«* 
doecly resembled the clinical feature*, not only of Kenya typhus, irfuthk* 
been excellently described by Jewell and Cormacc (1900) but abo cf Ac 
Tanganyika form (Sitrurr 1943) and the South Vfncan variety (Geu, IS* 
Geak and Bevah 1936). Moreover one of the pattenti auffered from rheuff^r 
pain* which are a common complaint in the Kenya disease. 

The \\ eil-Fefii; reaction wa* admittedly negative hi three oat cf four cm 
but this teat i* not constantly positive in Eait Afncan typhus. Mottont* 
it possible that one patient, whole blood was withdrawn on the 9th day 
hare given a positive remit, had hit aenira been examined at * l*® 1 
Ptjmt and D'U (1930) observed that in South Afnca the WeihFeETfoeo® 
only become* positive daring convalescence- Gear states. These 
generally only appear after the 10th day of illnesa and reach the maxunom ®°t 
well in convalescence so that tesU taken during the fever usually gr« n't -1 ” 
results.'* 

The disease was less severe than Kenya typhua, and, like the tnflder ^ orD * 
of tick bite fever in South Africa (Geak) tended to have an intermitte nt 
pent urc and shorter course M Forme fru*tc also occurred, a* in tick-tyl*** 
elsewhere. 

General adenma, which is stated to be common amongst children 
young adults in South Afncan tick typhn* (Gear, 1941) was present b 
patients one of whom wai 42 year* of age 

Hepatitis was present in one case this has not been observed by the 

in hts Kenya cases. 

In view of the fact thit scrotal reactions follow the Intrapentoneal 
txcm of guineapiga with mfected tissue, the complication of orchitw » 
cases is of interest. ^ 

As m the South Afncan variety there was a relative lymphocyte®* & 


early stages of the disease. 

The limitation of the disease to European*, ip spite of the 
of Afncan*, waa an interesting phenomenon. 

A cunous feature of the disease was its epidemic and local 
Three of the cases occurred in the same unit during a single month. 
Incidence such as this has never been seen by the writer in Kenya,* thoug^^ 
and Bevan (1936) working in South Africa, reported an instance of 


of husband and wife. 


• RcMJrrS reported three esse* of typhus to s Kenya brewery hut prodv**^ eri*** 

Jgnmattna ti» m flea, \o*tfryfl« dirt+ii u the infecting *genr- 
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It has already been pointed out that the outbreak was confined to an interval 
of 3 months. Since Habile was employed « a military camping ground for I 
year only, it is reasonable to suspect that there ram have been an eptdcrmc 
season buting from March till June This hypothesis is supported by the fact 
that the rainy weather which prevatb at thus period, fax ours the reproduction 
of ticks 

That the vector was a tick is strongl) suggested b\ the following 
observation* — 

1 There was a history of tick bites m three cases 

2. While ticks were prevalent m the district, louse infestation was absent 
r*U were not numerous and there were no histones of flea bites pnor to the 
attack* Although a mite of the genus Trombiada was common in the area 
the geographical limitation of mite borne typhus to the Far East, the absence 
in this senes of Proteus 0\K agglutinins and the more sew re course of tsutsu 
gunushi testify against the mcntnination of a member of the Trombidudae as 
the transmitting agent. 

3 The serum of one patient agglutinated Proteus OY2 m a dilution of 
I 400 but gave negative results with Proteus 0X19 and 0\K It is known 
from earlier work that esses showing agglutinins for Proteus OY2 ont) are 
*bno*t certainly esses of nek bite fever 

Evidence has been adduced which suggests that Rhptcephalus pulehdlus 
was s vector Roberts and Tonktno (1933) are of the opinion that the disease 
u caused by the same species in Kenya. It is interesting to note that R xtmus 
which was found to convey the disease in Entrca (P Manson-Bahr, 1941) 
Wa * also common m the Harar district. The Army Pathology Laboratory 
Service states that tick borne ty phus m Abyssinia is conveyed by R. sanguineus 
* species which is also probably an agent in Kenya (Roberts and Tovkhsg 
1933 ) South Africa the Ivodid vectors are stated to be larval forms of 
Anblyomma hebraeum RJuptcephalus appendsculatus Boophtlus decolor at us 
(Pijper) and Haemaphysahs leach t (Gear and Douthwaxte, 1938) The pre 
vslent ticks found at Babde have already been enumerated. 

Strata iare 

1 A description has been given of five esses of tick borne typhus m 
Abyssinia. 

2. The clinical features closely resembled those of East African and South 
African tick typhus 

3 The course of the disease was very mild one case of forme fruste 
kcutg described 

4 Unusual clinical signs included general lymphadenitis and hepatitis 

5 Orchitis was a complication m two cases 

The blood showed a relative lymphocytosis in the early stages of the 
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7 One patient, who mi bitten br a tick during convaleaoeiKe, dewipii 
a Uche motre without mterruc aymptom*. 

8* The divewe *ra% txmhacd to Eutopcaoa, va tjate of the predanaacc 
of African troop* 

9 A local and tcaaotul incidence ha* been noted. 

10 A bit of the prevalent tick* ha* been lupplied. 

11 Rhpicrphalxt pulcktlha iru probably a vector 
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CORRESPONDENCE 


habituation of pulex irritans to animal host 

To the Editor Transactions of the Royal Society of Tropical Methane and 

Sra, " mCn ' 

Blanc and Baltazard s successful transmission of plague to rats b> the 
bite* of Pulex imtans taken from plague patients m Morocco has once more 
^otised interest in the possible role of this specie* as an active vector of rat 
Prague to man apart from direct conveyance from man to roan in heavily 
•^pticaenuc cases 

Although P imtans ha* been found on man) animals including rats I 
*je encountered a belief perhaps based on some experiment* of the Indian 
**gue Commission that such infestation is of a very fleeting character and 
\ ^ ^ °f roan does not adapt itself to an animal host- I should like to 

C * cn be an experience of my own which proves the contrary One warm summer 
■number of years ago our pet tptrnel was found to be infested with P imtans 
discovery was accidental, for the animal had never been seen to scratch 
cul t ^ C lnv *^ er * ' VTre difficult to detect m its black coat when brushed in the 
'Unary I kept the infested dog on my knees earned it in my arms and 
into direct contact with it in other ways on a number of occasion* vet 
°und to my surprise that none of the insects deserted it for me though ordinarily 
attr> ctive to fleas Finally the animal was fleaed with the help of a tub 
'rater and c resol, an ethyl chlonde spray, and a fine comb and over 
® e ** Vrcrc recovered all P imtans A few days later the operation was 
when I counted over forty fleas of the same species The fleaing bad 
c * mc d out m an unoccupied room and knowing that a number of the 
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insects rou It ha\e escaped capture I entered the room several times sabjetpttfy 
wearing the minimum of clothing to see what would happen Hanger pmd 
to have overcome the inhibition* of" the errant parasites, *nd I was Tiacraij 
attached about the ankles when I stood upright but when I tried the etpenwat 
of lying on the floor 1 was liable to be bitten on sny part of the body — of »c«e 
interest in considering the usual regional distribution of plague buboes. TV 
dog s bedding was thoroughly dealt with, the house repeatedly “ Hooiered, 
naphthalene and Keating s powder freely used, and so forth, yet in ifrit *f 
these long continued measures, over s year elapsed before the dof wss o*- 
plctely and finally nd of P tmtans though latterly it wsj present only m 
□umbers. 

The infestation had listed soroc considerable time before detection, i* 
dunng a period of about 6 weeks preceding this I was aware of the oca*cn*l 
presence oj ■ flea which when made captive proved to be P trnitu. 
suggestion that the dog might be the responsible focus was scorned on ti* 
evidence given above Possibly these were newly emerged sdahi wiceh kd 
not yet become addicted to dog s blood. At an) rate except In the erperffl**“ 
mentioned already 1 was not assailed at any other time Throughout thev w * 
period the five other occupants of the house were never to their knowW|« 
attacked. In othei instances when in search of dog and cat fleas, I lure 
ceedcd to flea arumala encountered casually and have found P 
preponderating number* (e g Ctnoctpkal* s r«*u 2, P t mtaKS 20+ C ft *** 
P imlaxs 9) There was however no way of discovering how long *•“ 
infestations had lasted or the subsequent history of the animals in tins rop^ 

In the post, English houses swarmed with fleas which Trert**_teD* o* 
spare not kings, and the Elixabethan Gssgoine speaks of symboBcsSy ** 
greedily gnawing b» flesh and leaving the bones full bare. Judging fr® 1 ** 
experience given above some of the multitudinous P im/aar may well 
habituated the mac Ires to the house rat of the day and when these rodm 0 
of plague have reinforced Ceratophyllus in an attack on man. ’I be P rr T>icP ^ 
in old days of tokens (petechiac) and bbuns (blisters, white or black) 
to my mind s larger proportion of virulent infections, poosibly dae t °. _ 
infection by hordes of vagrant fleas exceeding anything to tie encountered 
Theme lesions have been so far forgotten m our time that Zmsser could * ct ?2 
write* There can be Utile doubt that the pestilence of Justmisn [ A - D- __ 
was mainly one of bubonic plague, but the references to the general cru P"\ 
of black blisters in many cases indicate that smallpox of a very * cTt ^ 
participated I Any Londoner of Shakespeare s or of Pepys s day wou* 1 
recognized these u black blisters ss pbgue b loins. 


Zehmdl Han*. (1W3) R*it Lici t 


I am, etc^ 

W P Arrau*- 

Hmwy p. 147 Loodcci C * rt ‘ 


Routfcdfle & 
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KALA-AZAR 


To the Editor Transactions of the Royal Society of Tropical Medicine and 
Hygiene 
So, 

I have read with great interest the paper on Recent Research in Kala azar 
m India, by Col H. E SltORTT, which appeared in your September, 1945 
i»ne * This is a most excellent presentation of the subject which many of us 
tvQl find of great value. 

I entirely agree with him regarding the great value of urea atibarntne in 
kala axar When however he quotes me a* say mg it is as effects e as any 
of the newer preparations I think a little explanation is needed. Perhaps in 
my conversation I did not make myself quite clear 

In this part of India cases of kala azar occur in very large numbers and 
most patients have to be treated as out patients, which makes close medical 
supervision difficult. A drug for the treatment of kala axar m these arcum 
stances needs to be cheap, safe and effective and easy to administer This is 
where urea stibamine has proved so effective. It is relatively cheap and it is 
fsuly safe , in the vast majority of cases of Indian kala axar it is highly effective 
The only real difficulty is that it has to be given intravenously in young 
children, when repeated injections have to be given and the veins are some- 
tunes blocked, this does sometimes create difficulty 

There are other preparations which may be slightly more effective in 
Indian kala axar neostibosan which was not cheap and has for several y ears 
not been available, and diarmdino-atilbene which because of the toxic reactions 
and sequelae frequently produced, is unsuitable for the general treatment of 
asar in India. Our routine practice therefore, is to use penta valent 
antimony, usually in the form of urea stibamine for the treatment of ordinary 
cases of kala axar apd, in those few case* which do not respond, the patient is 
a< I CQrt tnd to hospital and treated with diamidmo-stilbene, which does appear 
to be effective in the few cases in which antimony is not 

I would point out that urea stibamine is a proprietary preparation, and 
tost there are on the market apparently identical preparations which are equally 
c and effective and even cheaper One used in this institution in a large 
number of cases has been * aminostiburea.' 

J'^ Cre '* no doubt, however, that for the treatment of kala axar a safe 
ole an ^ effective preparation that could be given intramuscularly would 
* great advantage, particularly m the treatment of kala axar in young children 
TTm «i is very common This was one advantage of neostibosan when it was 
Another preparation which could be given intramuscular ly was 
*°hi»tibosan (sodium antimony gluconate) but a trial of this drug in the 
a °* a £ c recom mended at that time by the manufacturers showed that the drug 

* Suom- H E {mS) Traju R Soc ^ Mfd Hyt 13 
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was not very effective An equivalent of solusti boson is Klbatm H (Gb») 
Similar preparation* are being put on the market by other firm*. In the 6a- 
cusston on Col Suoktt'i paper Dr EPMtrn) BusiE mentioned tt2uto 
and the good result* he had obtained- Recently other worker* in Iodfl, 
including Dr P C Sen Gufta in thi* institution, haw been u»n$ it^aaj 
xnth excellent immediate result* but it is too early to express any opew 
regarding the relapse rate some relapse* haw already been seen- It bfraA 
however that the dosage original!) recommended by the manufactures d 
solustibossn and of stibatm and even the higher dotage used by B cm, « 
not sufficient to control the disease in a considerable proportion of the oscs. 

The manufacturers of subatin are now recommending higher doses. TV 
dose recommended by P C Sen Gupta u as foBow* {ltd "* d . Gt ^ 
October 19-15) for adults, a maximum of 200 to 240 ex. according to fcoty 
weight for older children the dose must be much higher In pre-port-* * 
body weight, and from 150 to 200 c c. is usual!)’ necessary for younger daih** 
100 to 125 ct a usually enough. A similar high dose has been found •drajlfc 
by h C Chajuiavartt (hut wed C«a October 1945) The high doopt 
in relation to the antimony content of subaun n necessitated by the «* tW 
antimonr in this form a rapidly excreted, and the concentration in ***- 
quickly falls below the therapeutic lew! The same fact render* U 
if not necessary to give injection* every day Dut time and careful study & 
needed before any final opinion can be expressed on the efficacy of tha^tt 
xnent of kali soar 

To aura up uren-stibaxnme and similar preparations are the most geoow 
useful drug* we have m the treatment of Indian kali axtr at the P rr * CTrt J^~£ 
ISeoatibosan or it* equivalent, when it become* available and If it a * y ® a ?Y? 
cheap, may be preferable, mainly because it can be given mtrarmucd ir1 7 
Sodium antimony gluconate may or may not prove equally effective, and 
abo be given intramuscularly 

Another point which might be mentioned regarding CoL Swan 
paper is that we find sternum puncture of very great value m the 
of early kala axar before the spleen ha* become sufficiently enlarged 
eaailv puncturable, and hare obtained positiTe finding* sometime* ** 
as 3 week* from the onset of the fever the percentage of positive ob&sJ* 
tn kala tiar l* something between 85 and 90 only slightly k» than 
puncture in addition to being safer The sternum puncture tati ^V g , 
usually examine by direct smear and not by culture. Even in 
fevers, clinically kal*-*»r with marked splenic enlargement, we frtquec “7 
sternum puncture, and only if it a negative which is not often, » ^ 
puncture done. 

Your* etc., 

Joirw Lew*. 

Department of Tropical Methane 

School of Tropical Medicare, Calcutta. 
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YELLOW FEVER IN WEST AFRICA 1942 


To the Editor, Transactions of the Royal Society of Tropical Medicine and 
Hygiene 
Sis, 

I was interested to sec that Elliott, in his paper entitled kellow Fever 
m the Recently Inoculated, * has published summaries of my autopsy reports 
on the two fatal European cases 

In general, the pathological changes observed were characteristic of the 
disease, but we were particularly struck with the intense haemorrhagic lesions 
•«n m the lungs Such lesions have not always been recorded m West African 
c*ie* of yellow fever (Smith 1929) but Klotz and Belt (1930) state that they 
are found in as many as 90 per cent, of fatal cases, and BlaJR (1850) describes 
apoplexy of the lungs, with extravasation in some of his cases The kidney 
lesions observed were similar to those described by many authors (Klotz 
tnd Belt 1930 Smith, 1929 etc.) There was little change in the glomerular 
tufts The cell* of the convoluted tubules showed many stages of granular 
degeneration and the lumina of the tubules contained both granular epithelial 
debrn and hyaline casts In one patient the medullary vessels were congested 
*nd there were some haemorrhages into the tubules the cortex was relatively 
anaemic. We have suggested elsewhere that these lesions may have arisen 
from renal anoxia (Maeghaith, Havard and Parsons 1945 ) 

One or two points m Elliott's paper need correction. First, his state 
mcnt that macerated liver tissue was injected into Macacus rhesus monkeys is 
ui correct. We used Cercopithecus nxgnfaaes Secondly Elliott entitles his 
paper Mellon Fever in the Recently Inoculated I think it is only fair to 
P°mt out that there ia considerable doubt as to whether m fact, the deceased 
patient* were inoculated with active yellow fever vaccine. Findlay and I went 
jnto thu question carefully tome tim e after the event and found that there 
d been a good deal of evasion of inoculation amongst the troops concerned 
leaving England One of the deceased, in fact, had been known to 
tKait _ ■kill of evading the needle 

I think the real lesson we learned from this outbreak of yellow fever was 
, c '^ Qe °f immediate immunisation of troops with active vaccine properly 
u ed. Immediately after the diagnosis was established all troops m the 
0 °ny were reinoculated, starting with the Unit in which the outbreak had 
!** urr ^* No further ca*es of yellow fever were reported. The task of reinocu- 
teil to me and involved taking tested vaccine on ice all over the Colony 
I have never decided which frightened me most flying m a 
ah a * rU * *°kd African jungle, or watching Aides mosquitoes hopping 

°ut just over my head in the shimbecks of the infected camp dunng the first 
”*3* of the outbreak. 

Eujott Mountjoy (IW4) Tram R. Soc trap Med Hyj., 2 B 231 
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The temperature *nd pulte chirU Eixiott published might, I think, bn 
received a little more of hit attenUon it n not dear from hit tabic to 
of Paget’* tignt he It referring A« the temperature and pulse rate dome/ 
tui Cue 1 illustrate all Fa get a sign* so dear!) it might be worth while qurtng 
from that authority hrmaelf if only to point out that the so-called "Fags’! 
tign u, in fact, two atgns one dagnoitic, the other prognoatic “ to 
b fiivre jaune dia le ddbut la hgne du pouls descend pendant que ccCe dc 
b temperature se mmnlient horizon! ole dans Fimmenae majontd dei cn, « 
mfrmc monte pendant detrx trern jours et da vantage, dans lea dan ttai do 
cat au moms \ oib 1c signe chmque pathognomonique que de b fibre je*- 
La dtacordance initialc dcs deux lignes du pouls et de b tanptonn 
dan* b fibre jaunc noli done, son signt cluaqvf paihogmaamj* 

Le* deux lignea paraDilement descendants du morns i partir <b tra- 
steme on quat rubric jour lentement et pers^venmment descaubntts, nfl 
ce qu U y a de plus ramirant quand on suit attentirement b marebe de b 
j a une Enfin plus tard encore, tea deux hgne* nennent-ella 1 mantis 

uu divergence inverse dt ceUe du dfbrt cellc du poult prmd-cUe une mini: 
stcendantc i b fin pendant que ceQe de b temperature se pteaprte eo tm, 
b mort ext i peu prds certain e on plutut cite eat mfme proebe. 

^ ours sincerely 

Brian \Ur otimi. 

Department of Tropical Mediane, 

Liverpool School of Tropical Mediane. 
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PRESENTATION 


THE THEOBALD SMITH GOLD MEDAL. 

, President Ladies and Gentlemen, we are very much honoured 
TnmTr^ 111 ^ m ^ avm ® UB the United States Ambassador The Honourable 
ILBEBT ^ INANT an d before we proceed to the usual business of the 
g. His Excellency would like to make a statement. 

*aid ® 0n0OTa ^ e J 0 Win ant, who was greeted with enthusiastic applause, 
the A ^ 3m to come here this evening at the request of the officers of 

American Academy of Tropical Medicine, to assist m doing honour to your 
^nished President, Dr Charles Morley Wenyon 
^ we believe that the men of all nations must work together for the 

^ n good. Our governments and our peoples are giving deep thought 
earnest effort to establishing channels of communication through which 
tort of*^ Carn t0 un deratand other cultures and so find the common denomma- 
cco __ P ur P°te. They are endeavouring to set up machinery through which 
kith miC ; P°htical and social co-operation may be established. We have 
find m °^ timatc access of these efforts though the way is difficult. We 
, n<rw ^ c °t iragement when we turn to the world of science where co-operation 
on g been a living fact and great men work selflessly in the pursuit of truth 
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for the benefit of mankind. During thu tear British and Amman iaraM 
hire worked together more closely than ever before joint efforts hart pro 
to the world the bench u of penicillin, DDT and radar 

I with to apeak of Dr \\ tXYOX not only as an eminent nun of nee, 
an authority on tropical disease but ‘also as a world atnen. During tfeojkM 
war soldier and layman hare become increasingly aware of hre rontriheton n 
hfe-aav mg Even greater than the hazard* of high explosive* were the dmpn 
of di*ea*e in desert and jungle. k et the casual tie* from these can** tro 
been lower than we dared to hope. We arc beginning to understand to whrf 
of what the advances in knowledge of tropical disease mean to roffiaa d 
people hrmg in infected areas. Dr W evtox has played a great part n tkw 
through his own inv es t iga tions of protozoan disease* and of malana sad k 
the leadership and guidance which he ha* given to others m this field. 

Dr Wenton on behalf of the American Academy of Tropccal Wnfc*. 
I present to you the Thtobald Smith Gold Medal. As a student, pc #> 
distinguished yourself at the Umveraity of Leeds, Guys Hospital and 'ht 
Pasteur Institute that you were called by that gr ea t pioneer in tropical mafia*. 
Sir Pirates Ma-VJox to be the first prototoologiat at the London t *cb«l d 
Hygiene and Tropical Methane, kou liter became Director of the Bam 
of Scientific Research of the W ell come Research Institution and then DiraW 
in Chief of that Institution kou now carry on as an honoured cwnafo* 
and leader k our laboratory has been m many land*— the Sudan, Wsftx kltso- 
potamia and Greece A* one surveys your career one feel* a strong dcC *^ 
of the romance of exploration as well as of tirdca* labour kour name tsi 
work are known not only to those who are privileged to call you friend. btf 
also to co untie** numbers you have benefited. 

I understand that you are already an Honorary Member of the Amer*® 
Academy of Tropical Methane, kou now become the first tarn 
America to receive the Theobald Sumi Gold Medal. Your As^oce 
colleague* take great satisfaction in this award. They only regret th*t 11 
not been possible for you to visit them personally to receive iL 

I take great pleasure in reading the atation and in handing to yoc a 
which a a symbol of the es tee m in which you are hdd by the soeottst* « 
world. 

Tke Cuatmx 

On behalf of the American Academy of Tropical Medicine thrtThs 0 ® 1 ^ 
Smith Gold Medal is conferred on 

Charles Morlet Wentos 

pioneer in tropical medicine. He has brought hght when there was 

not heaititiDg to experiment on himself he haa obtained direct tn ** T *\ . 

many important questions in disease tritumiMion, and through hi* ® r,ar \Zi 

he has made the world a better place to live in for all people* 

to race, creed, colour or economic atatus be is one of those leadeta wt» 

to the everlasting credit of the Bnmh Empire." 
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The Ambassador then presented the Medal to Dr Wentov — with a copy 
of the atition. 

Dr C M. Wenyon (in reply) \ our Excellency, I must thank you for 
the Tery kind words you have spoken, and would ask you to convey to the 
President md Council of the American Academi of Tropical Medicine 
my ippreaiuon of the great honour the) have done me tn awarding me the 
Theobald Smith Gold Medal with which, on their behalf you have just 
now so graciously presented me. 

I im all the more gratified bj the award when I reflect that Theobald 
'Smith made one of the most important discoveries in protozoology — the only 
field of science in which perhaps I can laj any chum to distinction. 

It was over half a century ago m 18S9 tn fact, that Theobald Smith 
d^^ribed a protozoan organism, now known as Babtna btgpmna which he 
hid discovered in the blood of cattle suffering from Texas fever or red water 
fever u it is more generally termed This in those days was a remarkable 
enough observation but, not content to rest on his laurels, he set to work with 
Kilborne on a long senes of labonous investigations into the method of spread 
of the infection, then an unsolved problem which appeared to be connected 
m Mmc way with the soil. These were crowned with success for 4 years 
*hcr his announcement of the discovery of the organism he had proved not 
wfly that it was transmitted *hy the cattle tick Boophilus annulatus but that 
it pasaed from one generation of tick to the next through the egg Thu is 
necessarily so for the tick is a one host tick which, having gained a footing 
on an animal in the larval stage, remains on the akin for the rest of its life, 
feeding on blood till the fertilized female finally falls off to lay her eggs on the 
ground before dying In due course larvae hatching from the eggs crawl up 
lades of grass and quickly infest any cattle which come into contact with them, 
the host from which the female tick dropped in the first place harboured the 
parasite in its blood, then the female tick itself was infected and passed the 
HuecDon by way of its eggs to all the larval ticks which hatched from them. 

infected larvae never faded to infect any susceptible cattle from which 
t h e y took their first feed of blood. All and much more was described 
by Theobald Smith and Kilborne m the first Bulletin issued in 
by the U S Department of Agriculture, a publication which is a classic 
a model of what inch a report should be. It is one which should be read 
” ^^Tiine seriously interested in the arthropod transmission of disease. 
bWvwL^ 1 * w® 4 * stupendous discovery the first demonstration that a 

^wod-sucking arthropod could transmit an infection by its bite. It was the 
./ Clunncr °f ® senes of similal discoveries made by workers m our two 
a m which blood sucking arthropods were incriminated as vectors of 

number of diseases—malana and yellow fever by mosquitoes sleeping sickness 
“7 tsetse flies plague by fleas and various forms of typhus and relapsing fever 
^®nd ticks — to mention only a few 
*“ en the American Academy of Tropical Medicine was founded in 1934 
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it WM roost Appropriate that Thtobaid Smttti should be ejected fl* fa 
President, in recognition of his epoch-making discovery in Protamofagr-i 
subject which is of such great importance tn Tropical Medicine. The Grod 
of the Academy then paid me the great compliment of ejecting ate ax da 
first three Honorary Member*. 

Theobald Smith died ■ few month* after hi* election as President, mi 
the Gold Medal which you. Sir hare this evening presented to me, was famdd 
in his honour This is the fifth award of the medal, the previous r e a ped 
bang Barber, Stroxo, Stitt and Cruc — name* which are too wefl farm 
throughout the world tn the field of Tropical Medicine to need hit ctnmod 
from me They are all Americans and I may perhaps be excused if I takr 
some pnde in the fact that I sm the first representative of another nstm 
a] bat a very closely related one, to recase this high award. I accept the ztH 
at your hands. Sir in afl humility realizing that the honour is not for roe iter 
but is a recognition by the American Academy of the important part Grrst 
Britain and it* Empire have played in the development of tropical medio*. 

During the war our two nations hare been thrown very dose tDjtthe 
in many tropical centres of activity In the fidd we hare been jointly ocnp*J 
In the solution of many tropical medical problems, while knowledge scqttHtJ 
by investigations earned on m our respective countries has been fully 
to our mutual advantage. Now that the war is over it is to be hoped that tk* 
close association and exchange of mfomjatioo will be continued and tint A* 
many new contacts and relationships winch the war has brought shod *“ 
not be broken. It appears to me that this award by the American Aodenf » 
Tropical Medicine sets a seal to the continuance of this mutual respect 
understanding winch have kmg existed between investigators rn cut m 
countries in the fidd of tropical medicine. 

I must again thank you. Sir not only for honouring our Society by c&r&i 
here this evening, but also for giving me the v cry g rea t aatisftetion of regr** 
at your hand* the Theobald Smith Gold Medal of the Academy of Trop-* 
Methane of the great country which you represent — a country winch 
made and is still making such valuable contributions to knowledge io^ 
branch of medicine, k our country and mine hare very P qlfp P° M ” T! 
for the health and well-bang of the million* who are destined to p** 

Eves in tropical lands, where they are beset by many and often 
danger*, depend to a large extent on our knowledge of the diseases e* 
areas and. above all, on the successful application of tin* knowledge by ^ 
men and women we train to put it mto practice. In this respect our { ra hr 
is one, which may very suitably be expressed by the motto of this Society 
Royal Society of Tropical Medrane and Hygiene — Zoctai Tc*«idax Tm« rL 

The Ambassador then took leave of the President and Fellow* 
aignmg the krsrtors Book, left Minton House. 
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MEDICAL DISORDERS IN EAST AFRICA 

BT 

E. R. CULL IN AN M.D., yjlcj*., 

Pkpkxn, St. Bartholomew t Hospital late Consulting Physician East Africa Command 


I A Survey of Medical Disorders 
“• The Need for Co-ordinated Clinical Investigation in the Future. 

The first part of thi« paper contain* a brief survey of medical disorders 
which affected Bntiih troops m the East Afnca Command dunng the last 20 
n»nth* of the recent war The aecond part make* a plea for the institution 
*od encouragement in the immediate future of co-ordinated clinical investigation 
hi the Eait African territories 

I A Suhvet of Medical Disorders 
During the last 20 months of the war there were great opportunities m 
E**t Afnca Command for studying racial differences in disease The Army 
in training for service in South East Asia and thus was fairly static. It 
composed mainly of -native Africans and Europeans. It comprised a 
^Ott-§ection of the fittest part of the young adult male native population of 
^^oountnes of East Africa, and of a representative sample of adult Europeans 
o»e two groups of people, differing so widely in race and normal domestic 
r«, t L wetc bring under very s imilar conditions in the same tropical countries 
Africa Command it geographically large and the climate varied. It 
ertetKi* from 11° north to 25 south of the Equator and occupies over one 
n, ° n miles. It includes the tern tones of Kenya, Tanganyika, Northern 

N y***l*n<i, Somalia (Italian Somaliland) British Somaliland the 
7*^1^ * rCM °f Abyssinia Madagascar Mauritius, the Seychelles and 
(S.< map p 356) 
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Table* I ind II *how respectively tbe number per 1 000 of Europee *W 
non Europefn troop* suffering from medical disorder* admitted to m5nq 
hca pi nb m tbe Command for the 12 month* from lit July 1&J4, to Xd 
June, 1945 Tbe non European troop* were mostly natire African*. I* tie 
Army *1] patient* who are ill are admitted to hospital so that the Spaa 
give a reasonably accurate picture of the incidence of daeaae in tbe pfrtttbr 
group* of people concerned. 

Ta*c* I 


uaorux T*oor# — Krvra ro l OOO arnuM now j*h>tcaj< do cm p mj AcnunD t* 
MTXJTAJT BOIftaiJ E* TM* tXtT AHOCA COWUtfl IHN l*T JCIT INt, TO »T* fTO, £*C 


M*Wa 

IOf-40 

Orbcr kifcrtiou* d me tat* 

- 

J 47 

chiding atnotbimb) 

01 7* 

Dmmu of crtural vnoa 
rrrtrro ~. 

in 

Uppr mjxntocj mfrdjoo* 

41 10 

D»t«m of blood — 



D*r«**t of iim (rrrfodnf 


Tithrmilo*)* (*9 fora*) 



tropic*! ulotn) 

HI 

Dmrtmri of mdocrfo* fimd 



D#e**e* of d^rtt/r* rrjtrm 

“0 20 

Dear** -• — 



Pjrrn* #f oocrrum ortfm 

1*2* 

Rhnjro*tnrn — ncut* _ 



Piychcn cun** 

17 38 

Rikpwfcij foirr _ „ 



Di*n*n •! bon**, jo*nu, foe** 


flcbi»tiwmi*in .. 



rtc. 

II ffl 

Chwkrrrpox 

— 


TypfM tr\cr tjndrctnc 

• *1 

Mr*iln 



Droochtt* 

8-11 

Hcrpc* aerttrr _ 

• 

HI 

Other rnpirtrtmcj d*rw< 

7-0? 

Enteric group farm - 

_ 


In/miT* Scprtrtj* (nckxids 


AcuU anterior pobarmrlrf* 

— 


po*t-*r»pb*eiimw >**«iicr) 

7 t 

OLcvfolrr frrrr .. ~ 

- 


Dmemmet of o*rwkra*T *7*1*01 

0 ft 

L'ndolaot ft m — 

- 


Pfwn of tKitturj rjrtem 


D*«n of iurt»boi««B — 

— 


(cxetudaw »cfnUD*c*n*in) 

0-01 

ifump* _ 

— 


Hctrvnlhhni* 

3- 07 

V*con*i .. 



Pactanew — sent* (octudoc 


Defiekocy dwcaM 

- 

HJ 

■typical pnranonh) 

4 *3 

Other medical daordrr* 

■ 


Totol 401-41 





Venereal di*e*ac (it»elf a aenoua problem in East Africa), tropnal nk®' 
disease* of the eye, ear nose and throat, are not included m the tables. 

It will be seen that the most prevalent disease* in both 
non-Europeans were malms, dysentery and ententr*, and upper 
infectioos, in that order After those, however the prevalence of other 
differed markedly m the two groups. For instance, dengue and the Tr~~ 
fever syndrome were mo*t}y found among European* scbwtas^niUm, rtg?*^ 
fever leprosy and yaw* were almoat axlusrrely found among non-EMopo^ 
Other disease* which were more common in African* included 
smallpox, chicken pen and mump*. It a particularly interesting that 
disorder* wer e nearly fire time*, akin disease* over three time*, and P*7 lW ^ 
euroti* over twice as frequent in European*. 





E. H. COIAlhAN 


355 


Tabia n 


i*w-K*or*A.-« TEOQM — nttvsz* pe* I 000 njTTTHLva non medical ortomwaci aduittid 
TO WLTTUr DOHTHtl W Tin *ATT AHttCA COAQIA.VD rEOlf )*r JULY 1 W4 TO »TH JUNE, 1948 


Milam 

43-48 ! 

tiaeaaea of excretory ayatem 


Dyaenttry *n3 enterrn* (m 


(excluding acfahtoaommrt) 

I 77 

(etodrog amoebieah) c 

21-56 ■ 

Dtaeaaca of central nertmu 


tipper naplralory tafeetama 

10 51 | 

ayatem „ 

1*51 

Brcnthitu 

15 14 

Leproay 

1 47 

PUbpaing forer 

10-49 ' 

Meaalea 

1 21 

Pnccnnonlt — acute (inctudme 


Memo grti*— acute 

0-90 

«TPtoal pneumonia) 

9 39 

Yarn 

! 0 71 

Dieaae* of akm (rxclodmc 


Smallpox. 

0 86 

trtpiciJ oicera) „ 

8 7* J 

Enteric group fcveri 

035 

PtpAonrarom 

TM | 

Other tafeeboua dhecte* 

0 31 

ScWatoaamtam 

*7-54 

Drtexae* of endocrine gland* 

0 22 

Olber retptnuary diaeaur* 

7 21 j 

Deficiency draeaae* 

0 21 

Dacrv* of crrcuktoiy ayatem 

8 78 

) Herpea toater I 

0 18 

PttcxI* of uncertain angm 

MO 

, Rheumatkm — acute 

0 13 

cd digtjtjre rjitem 

5-0 

1 Glandular fever 

0 11 

tofretm heprtlti* (rncfodmg 


Unduknt forrr 

0-09 

pott-Arrpheoamina jaundice) 

5-46 

Encephalma — acute 

Q - 09 

Toberculoati (all forma) 

4 14 

1 Vacdnia 

0-08 

^■utti of bene* joint* fasciae 


D*c*»cs of metaboliam 

0-08 

etc. 

401 

Kak-axar 

0-05 

Htknmthjatij 

•3*3 

■, Dengue 

0-01 

Quckmpox 

2 95 

| Typhus fever ayndrome 

0-04 

Mump* 

2 is 

; Acute antenor poltocnpebo* 

0-03 

Ebaeaaea of bfcod 

1 66 

1 Other medical ebaordera 

1 78 


Total 205 74. 


* AW — Figure* do not fire a trua picture of incidence 
Table III 

TOCDrTAOI cut AfOBTALTTT Tom TABIOC* MDJICAL DHCWDXHI 
t*om Irr amul, 1814 to J)rr dxcembi*, 1844 


European. 


Non-European. 


Malaria 

(tncjudaif arnoebmn) 
ftjcumonia — acuta 
Tuberculoma (*B forma) 
fM*! - rwprratory diaeaae* 

^■pung fe v er 
Jaundice 

Menlngiit* — acute 
^^^wea of central ncrrmn ijwm 
^ •'**'* of dlgeatirt ayatem 
of circulatory ayatrm 
DWmc* orf blood 

Dnra#o of excretory ryitrm (excluding 
•cHatoaomiaaa) „ 

_ 2fer nodical diaordcra 


4-0 

0 8 


I 8 

(I death*) 
11-4 

0 2 

0 

1-0 


0 

0 1 


0 1 
0 8 


IB 7 
0-8 
0 2 
2-8 
£1 7 


7 5 

0* 
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Table III ahowt the percentage case- mortality of the nnom metfcf 
disorder* for the 0 month* from 1st April, 1944 to 3 lit December DU. 
The lulling disease^ of the African were tuberculous, meningitis and pn wra o ra 
In the year 1944 they accounted for 18-0 per cent 12 1 per cent and 111 
per cent of all non-European deaths. 

It n Impowlbk in thb paper to make more than a few very brief rtncnfa 
about wmc of these drscasei. 



MautaUu 

Nearly all milana in the mimUod part* of the Command b camel bf 
infection with Plarrtodam falaptmcm In a few districts, inch a* P*^. 
Somaliland, a* well as in Madagascar and Mauritius infection U *1*° 
by P trout In Mauritius, and very rarely elsewhere, P m*lsns* infect** 1 
oc cu r 





The matin i season vane* greatly from region to region, while in uncon- 
trolled and highly hyperendemic areas transmission may be almost perennial 
Bagsths Wilsov (1944) told me that people in East Africa who have lived 
«h their Uvet m dittncts where malana transmission continues for 6 months 
or more annuity develop immunity to malana. This immunity is labile, 
depending for its being on frequent occurrence of reinfection. He has mapped 
<*it the districts, "and has also shown that all Europeans, Asians and certain 
African tribes, including the So mill Kikuyu, Chagga and others coming from 
high altitudes, should be regarded as non immune*,’ 

Whereas malana m the non-immune may be of all grades of seventy, m 
the immune it is almost universally mild, and the difference between the clinical 
pHtoues m the two groups may be so great that much confusion may amt in 
diagnosis unless this difference is constantly borne m mind. 

The two common errors in diagnosis art believing a non immune to have 
bother disease when he has malana, and believing an immune to have malana 
when he has another disease. A patient, especially an immune African, may 
equally die of some other disease, such as pneumonia or cerebrospinal meningitis, 
which would respond to specific therapy if a correct diagnosis were made in 
tune Nevertheless few mistakes were made when the investigation of a 
patient :vsu careful, thorough and prompt. Malana has been called the great 
Uumic” maybe it is but a too eager acceptance of this comfortable phrase 
th f 10 **° ven ^ ^o^ht in diagnosis. Indeed, the more carefully one studies 
e features 0 f this great mimic the less one is deceived by its miming 

Milana among the non immune group usually ran a fairlv typical and 
severe Course. Nevertheless, from time to tune most of the severe 
vPcsofthe disease were seen. Some patients suffering from cerebral symptoms 
D rrV ? t k c * c symptom* m hospital while being treated with quinine. 

the blood of a verj ill patient showed schuonts and amoeboid 
'A ^ fdnpamm which increased in number during treatment. Other 
P*uents sometimes showed the dangerous thickened ' forms of parasites in 
blood. Algid forms of the disease were rare. Black water fever was 
and responded favourably to earl} treatment. Jaundice indis- 
bot C from infective hepatitis appearing synchronously with malaria, 
rapidly with anti-malarial therapy caused much perplexity 
homt* malana waa not encountered A few patients suffering 

them apparently for the first time, of nephritis Two of 

WtIe died with symptoms of acute renal failure. Tlie histological findings 
mterc *tmg the kidneys showed, in addition to the tubular degen- 
usually described, diffuse glomerular infiltration. Dysenteric symptoms 
not Sequent concomitants. 

Ocborn and Bacsteh Wilson (1944) have shown that it is neither 
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necestary nor desirable to give *n immune African a foil course of t ra taen 
for malaria. Treatment of the non immune and term immune group* foOoTri 
standard practice, except that plaimoqmne vm not given a* « routae. 6 
was co node red unnecessary to protect the local mosqmtoe*, who alnadj W 
a large human malarial pool available, from the chance of acquiring the Saam 
from a patient during the 12 day* or *o when he remained infecUTt tfin 
treatment. 

If properly treated, malana m European* earned by P ffdapanm m Ere 
Africa u nearly always completely curable and relapses, except occauwnh 
immediately after a course of treatment are most uncommon- Such tmtocsl 
r» any to carry out with Scmce personnel, but I to easy with the general pel*. 
There u among the European population especially among those who hart 
lived there many year*, a tendency to look on a touch of fever" wet 
U men table equanimity and disregard. Their pathetic faith in the efficacy rf 
M 5 gram* ol quinine ” or more mil, of “ an injection, »mack* men d tnort 
magic than of modern medicine 


BACILLAKT DTJVXTEKT 

With few exception*, the clinical cour*e of bacillary dyaentety w» 
and the percentage ca*e mortality wa* low A* usual, the fatality* oea djd 
molted from dehydration. Moat of thote wbo died were groa*fy dehyir*™ 
and emaciated on arrival at hospital, often dying shortly after adnn* 011 11 
•pile of prompt and adequate treatment. African* particularly fuffents* 
bacillary dysentery travel badly and dehvdrate quickly Xhey . 

treated a* toon a* possible after the onset of symptoms and as near ** poet*** 
to the place where the disease originates. 

In the treatment of Africans, very Urge quantities of 6o*d » i,c 
required, Bulphapyndme seemed as effective as sulphaguamdine *“ 
some unexplained reason does not upset the African as it does tbe Europe**- 


amotb lasts, 

Aa tbe years of war went by and European troop* were spending 
rngly longer time* in the tropic* the incidence of amoebitn* rose ttnoot 
In 1944 the number of European troop* admitted for amoebiasi* corre*? 00 * 3 
to 20-27 per 1,000 

Treatment, in general, wa* along conventional Ene* preliminar y trc *t- 
roent with emetine hvdrochlonde by injection followed by a course ^ 

bimmth iodide bt mouth and retention enema ta of quinoxyl, and then 
oc stovarsoL As in other theatre* of war everyone was struck by theca* 
which dysenteric symptom* could be controlled and by the difficulty 
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tterflmng the bowel of cyita or of being sure that a p3Uent was cured at the 
end of t thorough course of treatment Many of the European case* relapsed , 
not only those who persistently passed cyst* in their stools Many of them had 
recurrent attacks of the disease Whether these recurrences resulted from 
reinfection in susceptible individuals or were caused by the development of 
bowel lesions, however minute, wu impossible to *a> These pauents were 
to difficult to control that when they had frequent recurrences they were usually* 
tent home to the United Kingdom. 


8XIN DISEASES. 

Skin diseases were relatively uncommon m African troops- Even in 
European troops skin diseases were frequent only m humid stations such as 
Mogadiscio m Somalia, the Seychelles and Diego Suarez In the latter town 
prickly heat, furunculosis and otitis cctcrni were common ailments I have 
deliberately omitted tropical ulcers from this survey but I must remark that 
these lesions which were so prevalent m the African troops in the earlier part 
of the war, had towards the end of the war almost completely disappeared. 


PSYCHOVEUROSIS. 

It is fascinating to compare the psychoncurotic disorders suffered by the 
cjYilned European and by the relatively uncivilized African The majority 
°f the European patients suffered from anxiety states the majority of the 
African from hystena. Thus James (1944), m a senes of psychoncurotic 
patients aeen by him, reported anxiety states in 181 out of 333 Europeans 
{54-4 per cent) and only 25 out of 384 Africans (6*4 per cent) On the 
other hand, 206 of the 364 Africans (56-6 per cent) suffered from hysteria. 

European troops admitted to hospital for psychoneurosi* m 12 months 
corresponded to a rate of 17 59 per 1 000 This figure is not really high 
especially when it is realized that static conditions of war are as great a cause 
°f mental breakdown as active conditions prolonged absence from home, 
hcielmtss, and lack of action arc powerful enemies to all but the perfectly 
adjusted mind. 


RELAPSING Jr EVER. 

Relapsing fever is common in many parts of East Africa. It is largely 
tt^ned to the native population. The disease u tick-home except m Abys- 
where the louse-borne type is also found. The responsible tick vector 
“ die Omitkodorus moubata In Somaliland, O savygmx has been suspect, 
jhhough an outbreak which I saw there last year was almost certainly caused 
oy the bite of O numbata 
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The incidence of 10*49 per 1 000 non-European troops shown to Title D 
it unusually high. It resulted from a large number of cases armuf b s hf 
details camp which had become heavily infested with O wtembaia, Rdifwnj j 
fever in adult East Africans Is milder than in Europeans. Whatever the msj 
explain this, it it probable that natives living in an endemic area develop i * 
degree of immunity This they believe themselves they hare an objectrooiyi 
habit of carrying round in a match box a tick, which is thought to be infected, 
which they let out to feed on themselves from time to time. 

The incubation period appeared to range from 4 to 18 days. Spfro datto 
were commonly not seen in the first blood slide examined, but were daw* 
invariably found in subsequent ones. 

It was noticed that a relapse was frequently M missed " when tint 
happened the next relapse occurred after double the usual apyretbl peo°d 
for that particular case. Some patients bad as many as seven relapse*. Cc®- 
pbcations were intis, jaundice, lobar pneumonia, cerebral disturbances findud*^ 
coma hemiplegia and cerebral nerve palsies, with or without pleocytosa ia 
the cerebrospinal fluid), and severe bronchitis, in that order of frequency 
Intis was not a presenting symptom and did not occur with the fiat pjTeud 
period. Cerebral palates sometimes esme on quite Utc m the disease. At ■* 
period did the case mortality ever rise as high as 1 per cent. 

In controlled experiments, no varseno billon appeared to be of little or no 
value m treatment of this tick borne type. Incidentally competent obsentn 
in Adda Ababa told me they were even doubtful of its value m their louse-bar* 
variety Penicillin was also tried it had some effect, but the results 
not sufficiently good to justify its general use. 

Relapsing fever was uncommon among Europeans when It <fid ocn * 
cerebral compbcaDona were seen much more frequently than in Africans. 


scHirrotoituju. 

The small number of ncm Europeans admitted* to hospital for achat 0 ' 
somiisn gives no idea of the real incidence of this extremely common infestatioe 
in the East African native It does illustrate how often the African 
ignores or is quite unaware of ha disease. Some idea of the prrra lcPC* 
katmotobatm achistnaormasrs, which is much more common than 
schistosomiasis in East Africa, may be gained from Table IV wbichlP** 
the results of the examination of the urines for ova of I 40S African 
all of whom were in active training and apparently fit- M*ny 0< ^ cf /*JaUi 
series were examined. This particular one was done by DuWu^ V __ 
It will be seen that by far the highest percentage of the men affected 
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from Nyasaltnd. In that country there isn large lake, and it is probable that 
•A the riven running into it from the surrounding mountains and the pools 
of water lying be h i n d the foreshore, are infested along the greater part of its 
length. 

The population on the lakeside is heavy, and it is thought by local 
observers that 90 per cent of the inhabitants have the disease from early 
childhood. 

Rectal schistosomiasis appears to be relatively uncommon although the 
distribution of Sthutasoma mansom throughout East Africa is not at all accur- 
ately known. Fortunately, the incidence of both types of disease among 
Europeans, m whom the symptoms can be so troublesome, was very small. 


Tabu IV 

tiiMrunaM or tub intent ro* o \ a or $ckutct 0 ma h*ematobum or 1 408 Anuc*.f 

T»OOM, ALL or WHOM WOT IN AC1TV1 TKACftNO AXD ArrAJlENTLT TTT 



Number of men 
eranmed. 

Percent*£« with 

Or* in uruie 

bftwknd troop* . 

331 

41 89 

IVett Nile troop* 

~8 

7 89 

T«nc*ahk* 

6*6 

1 90 

Otber tribe* m dud mg Keny* *nd Upmd* 

303 

3 31 

All troop* 

M08 

13 66 


MENINGITIS 

Relative to European troops acute pyogenic meningitis was common in 
troop* and had a very severe clinical course. Towards the end of the 
^ , ma ^ en c c had fallen but the prognosis remained as grave. Most of 
raj cate, were comatose, or semi -comatose, on admission and died in 
yk .° P^^t diagnosu and treatment. Usually the infection was memngo- 
rues it was pneumococcal, without any local focus being found 
111 the body Some of these pneumococcal cases were particularly 
t to treatment, both with sulphonaimdes and with peoialhn 

DENGUE. 

town of Diego Suarez, at the north end of Madagascar was 
from V CCT)t ^’ * kot bed of dengue during the early months of the year Thus 
from ', tn ' ilr y t° !he middle of May 1944 the number of patients suffering 
Ce ®t. o rr a ^ nutte ^ t0 *be military hospitals of Diego Suarez was 94 2 per 
dunne h ^ tDt *^ num ber admitted to all military hospitals in the Command 
* e whole year Europeans were attacked over eight times more 
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XXTRmoXAL DOTCTEXCT DIIUASt*. 

Although there to plenty of evidence of nnloutnnon m rc cr mti (nj 
these have been ibly studied in the last few rears by Kekwici, Waiatrzri 
others (1946), flond examples of nutritional deficiency were rare, Homer, a 
March, 1 945 there was a sharp outbreak among East African troops m Erp 
Suarez of a syndrome indistinguishable from beriberi, characterized by oe£t=* 
of the legs, peripheral neuntrs, and right-sided dilatation of the bent h 
November 1944 it bod become necessary in Diego Suarez to substitute nx 
for nnuc meal as the staple article of food in the African diet By the rui — 
of Februarr 1945, for various reasons, other articles of food were ns ahcct 
supply and the main part of the African diet then consisted of 19 ctbsct rf 
nee drib' It) March the syndrome appeared. 

The nee had been lightly milled and in its uncooked state ctctnwJ 1 
theoretical sufficiency of thiinnn and vras active and adequate m rtinxn o 
pigeons 

After we had cammed vinous possibilities it was found tbit while hah 
Tightly milled nee lost only 30 per cent, of thomm in cooking the rosprotri 
nee, which was old and contaminated, lost over 70 per cent, and, maroon*, 
produced beriberi in pigeons (Ciujxax krrwrac, Watts and Trntn ($*)- 
It is possible that similar outbreaks may exhibit the same aetrolopcaJ roqofor 
of a toxin acting upon the thiamin and producing an epidemic of benben. 


TCratCUUXB. 

In general, it may be said that pulmonary tuberculosis among yonot 
East African natives ts represented by the acute ty pe s of the tfis estc. 1 
diagnosis is often not cosy the disease, which frequently runs a wiW 
may be far advanced when a patient is first seen the death-rate i» hi gh 4 
majority of Afncans suffering from tnbemdous have pulmonary loro * rB f'!l 
Frequently extensile lesions are found in the lungs of patients wb> ^ 
complained of only a few days Alness, or the disease t* first revealed br | 
inghr innocent acute respiratory infection. Some run an acute and 
to death- The disease may simulate other diseases and the dtagoo* 1 
made on the postmortem table. The lesions at postmortem were 
extensive and bizarre. But there t* a group with higher restftaart 
responds weB to treatment It was mainly for this reason that a *P e °T_ 
centre was formed in the Command. This was under the charge 
DaIoj:. The buns of treatment consisted of good food, freedom from 
without strict bed-rat, and where possible artificial pneuroofbe 3 ^. 
appreciable proportion of African patients thus treated very greatly 
from such treatment, and — what u most important — the treatment 
on with f a vo ur by the Africans. Unfortunately most of the patient*. 
they had been away from thar kinsfolk for a long Urn- and particularly .. 
they felt better as a result of treatment, were imwfflmg to stay m hasp* 31 
tbm 3 months, and wanted to join thei r families in the reserves. 
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It ia t widely accepted belief that the resistance of natives to infection is 
not to great os that of the white races. According to Wilcoob (1933) the 
matinee lies midway between the completely primitive race* and the rela- 
tively resistant European and, further, the most important factor in the 
tpread of the disease is contact with sputum positive cases, which is closest 
m families and which outside families vanes directly with the density of the 
population. 

The civil governments are thus faced with a problem, of the gravity of 
*hich they ire fully aware. How are they’ to stop the spread of the disease ? 
The African refuses to be separated from his family The settlement ' 
tyttetn u on C possible answer and Kibongoto a tuberculosis centre on the 
lower slopes of Mt. Kilimanjaro in Tanganyika, is doing excellent work in 
this direction. 

I must leave consideration of the many other fascinating disorders, 
including respiratory diseases and the anaemias, and go on to the second part 
of the paper 

II The Need for Co-ordinated Clinical Investigation 
in the Future 

(including reference to the Medical Investigation Committee, 

East Africa Command) 

Today, research is well recognized to be a prune essential for progress 
hy all planners of the New World. In medicine, it is the means of all future 
advance. But the phrase medical research cover* a large variety of methods 
ranging from complex and highly specialized investigations requiring the aid 
of up-LMhe minute scientific technique to simple clinical observations. It is 
worth while pausing to consider what methods are most applicable to the 
«tudy of diseise in parts of die British Colonial Empire such as East Africa. 
In Bntam itself methods have of necessity veered more and more towards 
highly specialized investigation clinical observations have at the moment 
yielded apparently all they can and the simple direct methods of Sydenham 
*rrd Mackenzie are said to be out dated. But whether or not this is true for 
Bntam, it a certainly not true for East Africa. There, in those huge terri- 
tories where diseases, familiar and unfamiliar attack many races of peoples 
“Ting in different conditions of climate and nutrition, the necessity and 
opportunities for simple clinical observations are still great. Fundamental basic 
problems affecting health and disease have not yet been worked out. Their 
*°^ utlQn 11 not only vital for the progress of East Africa but might welFshed 
light on the spread and natural history of disease. Nor are the problems 

an y means confined to tropical diseases. For instance, what is the extent 
*nd distribution of tuberculosis m the Territories , how do its effect* differ 
ro the native and in the European how much tuberculosis is bovine? Is 
roe nauve liable to rheumatic infection, and how often, and with what effects ? 
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Why arc gastric disease* an common ? What i» the incidence and sas ^ cm ! 
niuJlroo of earn noma * And *o on, through the gamut of roedkal tE vedm 

These problems d em and an snrwrr Much Suable work fcu abnii 
been done br individual worker* but to get Jujlhrag raHv big cut of it 
future cartful pfcimang and co-ordination wiH be required. Flans for ps- 
war research in the Coloras! Medical Ser vi ce art alrtadv being prepared mi c 
u tarn ci the to be boped that the great need and scope for thoe dhual icreCr 
guTiota mil be rallied to the fulL .Such investigation* cannot be coodxad 
enh by one or two men working in a laboratory although thoe nr he 
important snaELtnc* they require Urge number* of observers taznri cc: 
and about in the Term one* who are all working to a cmfied plan. 

The tune is opportune to describe bncflr a a tart in thia direction the *» 
made during the recent war bv the Army Medical Services in the Eirt kfne» 
Command. Aa a newcomer to this grra: area, it did not take key to R 
that innumerable dimed and epidemiological questions which cte frcclni & 
Medical Service* ranted inveruption, and that a number of imHCjn® 
tad been made and had fumubed cmrclattonf of rxhtc. 'Wort, bowmx, td 
bad to be abandoned because of the exigencies of the Semce and *dD 0X1 
had never been undertaken because of the uncertainty of bringing then ern 
to an mtenm conclusion. After several of us, who sabsequentlr Uare 
members of « Medical Investigation Committee had discussed this, bh 
that the only war in which conunuitv could be secured was by mans of 
central co-ordinating bodv 

Such a bode br narrowing each investigation to specific EnninJ rbjc: 
Hies, br dmding mrestrganorci into section* to be dealt with br 
observes* or group* of obien m, and by holding records and mamrnfictj t-£ 
general plan of • particular investigation, could ensure the coctmnan 1 * ® * 
set of observations. It coukl, moreover give advice tod as*i*tance o 
planning of work, and in dealing with difficulties which nngbt an*e ie ntf^ 
course. It could also utut m providing material* that might be 
and in coDrctmg particular types of case in particular localities. 

Thu* it was that m Jane, 1£W4 the Deputy Director of Wrdnal Sen-rw 
(Brigadier R. P CotDUPt) inaugurated a Medical Investigation 
for the purpose of encouraging, faakatmg and c or rel ating research br 
of the MedkaJ Semce* in the East Africa Command. It» titat wfft ^ 
known to all officers. The response was immediate and enthoc J,5 ^ c, ___ 
although the scheme had been going for little over a year before \ J ^ 
the fyuu were alreadv b eginning to ripen. Completed nmstiyanon*. 

•The nwmbera of t?w ilcdjeaJ ImcsUcrUon Comnurtr* vnt 
Cciuxa.* (Ccesatoo* Pbfncon) CoJooeJ T F Auiaxn (riwn. AwwacJ 
Hraa*k Cofao*! D D \IcCurnrT L*ut--Coiooel O. fUarrx* 

Lwun-Cokwi A Kcnrsx «nd Lmc. -Calami P E.C. Moaox-But* fQ5«r* 
of Mtdkai Dmsictw) M^ocC W Oea (PatfaoJo^wig and Major K- S. Hotai** 3 
Lsem-Colotwl D Biosrn Wnaw t» now Chairman. 
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results of which have been published or recommended for publication, include 
A Study in Nutrition of East African Army Native Personnel, Kekwick and 
Wright (1946) , Malaria in Abyssinia, Melville, Wilsox and others (1945) , 
Ascorbic acid metabolism m East African Arm) Native Personnel, Ke&wick, 
Rarer and Wright (1946) Datura poisoning Anderson and others (1944) , 
and a Description of an Outbreak of Benben with special reference to a discussion 
on the aetiology of benben and epidemic drops), Cullinan and others (1946) 

Several other investigations are nearly finished, including various problems 
of Paychoneurosis in Afncans Tuberculosis in Africans Schistosomiasis — 
tribal survey and entena of diagnosis and cure Relapsing Fever in Afncans 
— complications, and assessment of treatment Thrombophlebitis m Afncans , 
A Typhus-1 ike syndrome 

A number of other investigations are in progress. 

Recently a mobile pathological laboratory was formed complete with 
transport and equipment. This it a valuable umt for these types of investi- 
gations n it is able to mme about the temtones quickly and thereby bring 
pathological assistance to the doorstep of any particular enquiry 

Now the war is over it will be impossible for that work to be continued 
by the Army Medical Services in East Africa. 

This scheme for medical investigation has been described at some length 
not to advertise its wares but in the hope that members of the Colonial Medical 
Service* will be interested in it. If they were to cany on with a similar scheme, 
and develop it their scope would be far greater than ours could ever be. They 
would neither be hampered by frequently changing personnel nor limited to 
problems primarily of military importance, nor bound to a short term pro- 
gramme To get full value and unity of purpose, it would be necessary, of 
course, for such a scheme to embrace all East Africa and not be confined to 
a single colony where the scope would be much too narrow 

Apart from its potential scientific value, it his in the Array another great 
advantage namely that large numbers of medical officers can take part and 
he interested in it. From past experience in remote station* I know of little 
which more successfully wards off the ever-present danger of ennui. Surely 
this would apply just ts much to member* of the Colonial Medical Service 
ro^y of whom, keen and hard working *re stuck in out-of-the-way place* 
for long stretches of time with no medical contacts and small chance* of an 
csriy move. 

T he*e suggestion* are not intended to decry the value of highly * peculated 
investigations in East Africa, but to itreu the fundamental need for widespread 
co-ordinated epidemiological and clinical observation of basic medical problems 
m *ddmon to more eclectic research. The field is great and most promising 
for study unlike the field at home about which so much is already known. 
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Dr A Kekwlck I would Kke to associate myself particularly »rti Di- 
Cullixan’i remark* about clinical observation and research m E** 1 
After 3J sear* there it teem* to me that tbc picture rs exactly u be poctnrd 
it that there i* an incredible amount of accurate clinical oh*cmt*« 
•imple recording to be done before the time i* right for unrig highly orgirawj 
and sped allied research technique* For example the normal rang* bk" 

pressure in native* ha* not been estimated we ourselves did fire hondred, 
and it la obviou* that thousand* more *hould be done la my view ^ 
of lmcftigaUQQ particularly applie* to nutrition. The cDmcal marufrttm** 
of malnutrition are very little *cen in thr* country but m Afnd they pW 
an important part in tbc clinical aipect* of every di»ea*c 

There are al*o a large number of rare diseases in Et*t Africa which 
treroendoua facilities for observation and research in thetnaelvt*. 
a* sudden inexplicable cardiac failure of a peculiar type conditions Hke 
of which w* saw much where there is intense neck retraction normal 
•pin*] fluid and recurrent pyrexia, and finally an epidemic fora of thnaaW' 
phlebitis. .j 

Such disease* are not only interesting in themselves but tbesr *^7\, 
probably add materially to our knowledge of the mechanism* of oe®^ 
condition* occurring m England. 


Dr C Wfleoeks I was much interested m Dr CulU-NAH 1 * 
to tuberculom. Some of us, including Colonel S. Ltl* Ccnnr^^ ^ 
Ltonaed Roge**, have, for many years, been preaching tuberculosa ^ 
tropic*, and base felt that thi* disease in the indigenous populations 
received the attention it b*s deserved in the past and will probably ^ 
to a much greater extent in the future. I do not know what i* the *n»»® ^ 
thi* problem, but it may be something like the answer to 


the other disease* from which the African* auffer 



/ 


DISCUS SION S69 

one obums in Africa is that, apart from the actual pathological agents, 
the fundamental origin of many diseases lies in poverty and ignorance. 
It a to be hoped that, whatever organization may be created to un- 
dertake the investigation of disease in East Africa and elsewhere, it 
will set itself as one of its main objects the task of impressing upon the 
Governments the importance of these factors w the fundamental aetiology 
of disease. It is a duty of doctors throughout the world to insist that the 
economic and administrative policies of Governments affect the health of the 
people — is is recognized in the recently published West India Royal Cora- 
nusnon Report — and that they must be considered from this point of view 

In small out stations in the tropics there are excellent opportunities for 
cluneal investigation and for study of the gross pathological changes connected 
with diseases in general I found it quite easy on such a station to perform 
* senes of postmortem examinations and from them, though not a skilled 
pathologist, I formed fl clearer idea of what was going on inside the bod} of 
the African. 

Sir Philip Manson-Bahr I have listened to this paper with a great deal 
of delight and satisfaction, because it seems to me that what Dr Ccllesan 
has said has presented us with new aims in many directions First of all he 
stressed the importance of clinical observation as part and parcel of the daily 
kfe of the colonial medical officer It seems to me that vre have now reached 
the parting of the ways with regard to our Colonial Medical Service This 
has been the subject of a certain amount of criticism, and it is time we should 
think— and this Society has already started to think — how we can help in 
research so su to make the work of the colonial medical officer bear more fruit. 
"Thu service is not so popular as it ought to be because of the fear on the part 
°f young men that they will be sent to some isolated station far removed from 
contact with their professional brothers, with no opportunities of advancement 
m the medical sphere They dread lest they be reduced to the status of clerks 
signing papers and issuing returns and this sterilizes research work such as 
of these men could perform. A scheme such as Dr Culuna>. outlined 
should be brought to the notice of the medical authorities at the Colonial 
Office. We know that plans are being formed on which the future of the 
Colonial Medical Sendee should be based. One of the plans that has been 
envaaged has been that of creating an Empire team of research workers who 
^ouJd have intimate contact with the Medical Research Council and other 
b°diei m this country and who would be able to despatch by air those skilled 
m the investigation of certain diseases to do the laboratory part of such work. 
Such a team is easily constituted and as bss recently happened has been flown 
to Mauritius to investigate outbreaks of infantile paralyau Thus they could 
°btam most valuable data and material. That is one part of the idea Dr 
GtJtuitAN has given us tonight. The other is the encouragement of pure 
ckruc»l observations — the sort that he has inculcated in hu students at St. 
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Bartholomew * Hospital on the bain of cEmcal medicine, which mat duetto 
• re capable of earning out and of which too Ettle ha* been done m the tr*ptt 
(Too much empham, it seems ha* been laid on the portly laboratory cdt d 
medianem the tropics.) Observa non* of great importance can *t£D be rodeo 
this wide open fieH. I have been impressed *U my Efe by the different sppeimca 
of the same di*ea*e in different race* — their react! ora to pnemoom*. rriena- 
Josit, cerebrospinal meamgitu and many othen. For instance, tbor a tit 
sirmLnty of tandfiv fever to dengue. Dr CctUSAX mention* certain dhow 
in his surrey bnt he did not mention sprue I presume he did not*ee rt. Hart 
recently read t eery fine paper from Lt. CoL LmiruAN who ha* told to sheet 
fprtte in India where it ha* been behaving tlmoct u an epidemic disease. ViTiy 
t* it absent from West and Central Afnea 1 To my mind there fie* the pwWd* 
explanation of the genem of sprue, if we can find out what that mean*. Tkw 
are almott limit] eta questions to which the anrwer can be giren by onfatcj 
cHracal obvrmuotu 

Central A 0 Blfftm I would hie to aay how much I haie ts/rwd 
Brigadier Ccluxa.y’s tali thu evening He has shown what an adnrop 
it u to h*\e a new mind directed on tome of oar old tropical probfcnn. 1 
would hie to congratulate him on hi* excellent paper 

Brigadier J S K Boyd I can give the Society wme new* on the mfyea 
of medical research in the colonic*. The Secretary of State for the Cd>x& 
haa already formed a Colonial Medical Research Committee under the Cb» 
nun* hip of Sir Eowagp Meujlxbt Large auma of mooev are arailaWeJ* 
rerearch purpose* and a Director of Medical Research u about to be appan^ 
It u proposed that there ihould be Scholar* hip fund* available for 
•elected research workers, and that, probably a* a branch of the Cofeanal Mok® 
Service, there ahoold be whole time research worker* controlled by the Cefccm 
Medical Research Committee. The wort will be on the widest pcwbte 
covering pathology medical entomology helminthology protoioology 
non, genera] medical problem* *uch a* roberculo*!*, and ao forth. Tbe 
Medical Research Committee will maintain liaison mth the Colonial ig nCa "~f~ 
Research Committee, the Colonial Social Service Research OntndU 
bodies linked with a central Colonial Research Committee. I thto* ** 
look forward to important development* along these hues in the near iuUJt- 

Colonel S P James said that in listening to D*. Cclles vtf's 1Dl c ^^ 
paper he waa mrprxsad to hear again the opinion that nearly afl the 
In East Africa a caused by the mahjnixtt tertian parasite. Thi* °* uW fLvv 
expressed by observeia in 1399-1900 but he thought that the 
prevalence and importance of other *peoes than falafienm had been 
for many yean. He was sure that Dr Kxtrrrre. if he were P rc * c0 JVi J 
recall tbe frequency with winch we found quartan parasite* m the b* 00 
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ntore children m 1929 It is also well known that relapses of quartan malaria 
occur frequently m Europeans home on leave from East Africa. A high incidence 
of v wax mala n a and a lesser incidence of ovale malaria was also widely 
recognized, and he thought that Dr GaRnham and others had drawn attention 
to the possibility that the classical falciparum of Europe maj not be the only 
malignant species of parasite present in the country Moreover the notable 
researches of Dr and Mrs. BaCSTER WiLSOV on malarial infection in native 
babies and young children have shown clearl) that the true picture is an almost 
continuous infestation with several species, of which one or other becomes 
dominant from time to time The symptomatology and pathological effects 
of this prolonged parasitic infestation would be, of course a very proper subject 
of study by the Clinical Research Organization to which Dr Cullinan referred 
Unfortunate!) , it is not an investigation that can be satisfactorily conducted in 
hospitals. \s Dr Bagster Wilson has so ably shown it can be done only 
by enthusiastic individual medical officers whose other duties allow them time 
and opportunity to get in close touch with particular native families in small 
villages, to win their confidence and co-operation m the enquiry and to follow 
the daily hfe and .medical history of each member of the famil) for a long 
period 

Dr G Carmichael Low I do not know if Dr Culllnan saw cases of 
trypanosomiasis amongst the troops. He did not say where the natives came 
from, probably none were from endemic areas I was very interested m the 
different diseases mentioned as they were much the same as those I saw more 
than 40 years ago now when I was with the first Sleep mg Sickness Commission 
m Uganda 

What struck me m those days was the number of diseases an individual 
might have and still survive At the autopsy of sleeping sickness cases, one 
found evidence of old malana, pigmented spleens, dysenteric ulcerations and 
many helminthic infections Bilhanzial lesion* of the bowel and liver due to 
Schistosoma mansom were common as were also ankylostomiasis, ascanaais and 
filanasj* due to Acanthocheilonema ptrstans 

Skin diseases and malnutrition prevailed and syphilis and yaws were 
Widespread. Tick fever very often associated with intis, occurred m several 
of the white inhabitants Dr Cclltvan no doubt, did not have time to go 
mto the question of filinasis — Wucherma (Ft lan a) boner of ti is very prevalent 
*mong the natives of the coast of East Africa, and when further research is 
corned out this subject should not be neglected. 

Mr HIcHm McCullagh said he investigated the relative frequency of 
•ppendiatii amongst the blacks and whites of West Africa and found only 
°ne case in natives to thirty amongst the whites This preponderance of 
a Ppendicitis amongst the whites was therefore intense as there were relatively 
few white troops in proportion in West \fnca. He wondered whether the 
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uac preponderance occurred In East Africa. He felt aotnc difference a fat 
vu the cause of this great difference in frequency and that the tune frtr 
would explain the eight time* greater frequency of ippendicectotny amxpt 
the public achool boy* of Bntain u compared with the boys at eJerocfltnj 
school*. 

Dr L E Napier May I add one remark. I noticed that each of the fiot 
two speaker*, Dr Cuixinan and Dr Karmca, both of whom hare dot* «st 
of their work in tiu* country emphasized the value of tropical mute* to At 
advancement of our knowledge of methane generally of coamopofitm mafrare. 
Many of us are engaged in studying so-called tropical methane, bnt it ccart 
be emph**ued too frequently that the scientific knowledge that 11 gamed » 
these afudtea will frequently be reflected In the practice of medicine a* it oaen 
ia thit country Thi* rt my plea for a wider interest In tropical nwdidoe. 

Dr Cnlllnan (in reply) Colonel James ask* the incidence of quam* 
malaria. Very few caaesof quartan malana were reported among the troop* fa 
the tern tone* except from Mauritius. Irm* wa* the moat common co ropEcdce 
of relapsing fever I have given the figure a* 17 per cent but tht* t* prota^T 
too low Dr kncuicx, who was in charge of the medical diraion cf » 1*1* 
Afncan ho* pita! found the complication in over 20 per cent, of patient* «uffcnn{ 
from relapsing fever The difference m the type* of paycbonetuosis rfectaf 
A/ncana and European* la very i (iterating The Afncan tend* to nSet &«» 
hysteria the European from anxiety states. Anxiety atatea arc rare In Afocam. 
and when they occur do ao in thoae who have been educated beyond detf 
fellow*. Brigadier Boro point* out that pneumonia was common *“**1 
Afncan* in the Middle Eaat. Thu is true of Afncan* in Eajt Africa, ‘Wxwjki 
surprisingly the ratio of Afncan* and European* affected wu only 1°0 l®- 
Dr Cabmictiael Low refer* rp trypan nsomuajs. At the time I w® 

Africa there waa no trypan osomians in the Army although It had beep tbew 
earlier 

Concerning scheme* for future colonial research, my plea 1* thfttw* 
sche m e* abould include organised chrucal inveatigationa by the medical 
on the spot, as well as more speoallxed investigations earned out by s® 0 ®” 
teams. The medical officer in the Colonies who has the time it only too 
to get his teeth into this type of work, but unless hi* work i» organised 
there i* somebody to bring him into contact with other* interested in rt, t* ^ 
bare little incentive to carry on * there are, of course, brilliant except! 0 * 5 *- 
there were some scheme by which everybody could be encouraged to » 
together I am perfectly certain that very large results would accrut^A ^ 
certed study of medicine in the tropics would not only advance knonV°|' 5 
tropical dhordera, but, as has been ably said in the discussion, migh 1 
shed new light cm the process of ordinary n on-tropical disease. 
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MITES (ACARINA)— A PROBABLE FACTOR IN THE AETIOLOGY 
OF SPASMODIC BRONCHITIS AND ASTHMA ASSOCIATED 
WITH HIGH EOSINOPHILIA 

BY 

HENR\ F CARTER 

AND 

V St E. D ABRERA.* 

Dmnon of Medical Entomology Department of Medical and Santary Semen Crvlon 


Ehiring the past few month* research in relation to the occurrence of 
tmte* in human sputum (Carter, Wedd and D Abrera 1944) has been confined 
to the ttudy of cases of respiratory disorder* chiefly bronchial asthma, 
***ociated with high ecwmophiha. This paper gives the results of investigations 
conducted on twenty-five Ceylonese patients all of whom were suffering from 
— 'Or had recently suffered from — respiratory disorders, and none of whom 
showed an initial eosmophiha of less than 3 000 per cjnm. Eleven of the 
c**es were under observation and treatment at local hospital*. 

In some of the cases the clinical, radiographic and haematological pictures 
conformed to those described by recent authors as characterizing the condition 
variously specified as Pseudo-tuberculosis (Frjmodt-MOller and Barton 
1940) Tropical eosinophilia (Wein garten 1943) and Eosinophil lung 
(ChauduusI, 1943) but in others the clinical or radiographic features of the 
•yndrotne were modified, and in one case (Case 21) the subject was in good 
wealth at the time of examination §a\e for a massive eosinophilia. 

are much indebted to Surg Lt. Cmdr G V*EDD h.n for his collaboration 
C * r ^ J P*rt °f these in\e»tigittora and for supplying us with full details in respect 
the histories, blood examinations and radiographic findings of Cases 10 13 and 16 
n indebted to Ll CoL F G Smith, C M.C., Msjor E Soysa, C M-C and 
Dl T- r ^ Jayawamjene, CJSLC. for data regarding Cases 5 11 and 12 to Drt. 
J T Leakage, \ E. P Senewtjutnx and E- M Wijerama for directing mir attention 
•eretal cates at the General Hospital, Colombo and to Dr J A- Siaiw ardena for 
Cue 17 Our thanks are also due to Mr J \ Collins, o.b.i. Gorern 
for the eaumatKMi of the arsenic content in the sample of sputum referred 
P U^ 385 ani ^ 10 F G Jsyabatnam laboratory assistant, for much help in the 
prtysrttKm and exammatwo of specimens of sputum for mites 
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Circumstances, urvforturutdy did not always permit obsemtiow to be 
nude « consistently or extensively u im desired and m aevmi cues n£+ 
graphic exs mi nations were not poMtble and blood and sputeta rrcordi rat 
limited Selection of a ca»e for investigation in this sene* vru made depends*, 
pnmanly upon the results of an initial examination of the bkxxl. Wbes tie 
wamophd count w*» high, 24- hour urn pies of sputum were coCectd taj 
examined for mite*. Treatment with organic arsenical* — usually swnrad 
— waa then green and specimens of both blood and sputum examined wh t nerp 
practicable 


Case Histoeies. 

Bnef parti cuia r» of all the cases imeatigated arc Included In Tali I, 
p. 3SS but fuller details of «ix cases of ipecial inter eat are given below 

C*m 1 — -? R. S<k*cJpr1 Mftd 10 yrmn 
Chronic bronchitis and fnurtui From August, 1009 to December 1941 
to rarkua horpstsl* where typhoid, melara, baaOuTia and ruberodoah wot athU 
hr > hc «««»! P«hoi<vtcal (na Treated for hookworm in December JWI la Uw, 
1W3, a different i*l count showed an eownophih* of 5^ per cent. A dsagnoen cf browW 
wa* made and she w*i treated with M. A D H93 (thirty tablet* mrr a FenJ* 
a daj-a) , whilat for the urinary diaorder retrod e lie aetd therapy era* prescribed Oo m 
luoa. I'M*, a* no uwprmenmw tn her condition had occurred the war tetdoanei * 
hospital and submitted to the usual pathological test*. all of which peerred negito* *»*t* 
that of the urine vhkh show ed D rwfi an autopenou* v*ccn*e era* prepared and ataw** 
tered. rhe tk-jayrarn of the chert showed chronic bronchitis. Tormliectreny w 
formed on 14th March, 1943 Id December 1M3 our attention ni directed to 
CMC, and on examination of the blood a leucocyte count of 4 1 000 per cronu, a ilh Karr*** 
ZS£00 per unm. (70*3 per cart >, was found. Sample* of sputum atvl unne «« <** 
cammed for mile*. Sot 24-hour •ampin of sputum — -collected only with *• 

by roearsa of close personal attention *mce the patient usually swallowed her «fvtw— 
were obtained between 7th rod Nth December Mites were present b three of «* 
aairole*. Durottl tho umt pmod 6\ sample* of urine taken at 8 ajn. after 
all fluid* from 9 pm. the preceding evening and vreded directly into prepared 
alter ablution of rha part* — were examined and mrte* (total twenty-fir* tpeemfl* ■ 
rarwta tpeoes) were found tn every aample. , 

Treatment with attnarsol was green from Nth to 21st December 0-1$ fr*n*w»» 
tuily for the first 3 dars and cnc* daily thereafter Eight sample* of ygu ro * ” 
tu arme w rex examined darmg treatment, threa of the former and one of tb* , 

tanunf ouies Bv th# end of the treatment period the sputum had danbubed 
couth had dmppeared and although fluids m liberal qrentrtfcs were allowed do <**“7 
occurred On the Lae day of t r a ttm t n t the Jeococyre count was 40 000 per urf J” 
eosinophils 30 690 p<rr c mm (7fl 7 per cent.) but 3 months later (after a »ecc«d 
c! *tov*reol eitcndm£ from 8th to 10th January «ctusirc total 0-85 frewnw) « "T 
was 31,800 per cmra. with erennophd* 2^00 per cjnm. (19-3 per mM 
Dwember 1B4-4 the parent* stawd that the didd was free from *3 rrmpt*** 
attending acbooh 


C*t*3—K.GP d/af* aged 28 >w r __ 

Cashier in amafl bakery Admitted to cnrfl hospital 29cfa December 1 913, * 
of spasmodic cough and low fe-rer of fl month*’ duration. Physical etandos^cto "T 
rhcochi and raie* nrer both tunga radiogrephy showed “ evidence of roocsn* ^ 
k»g* — ecainophibc lung Sputum examined' for tubercle bacflli, oegtoh*- 
24 000 per cjnao. eoamophds 12,000 per r. mm (50 per cent.) On 2*w Jc»»j 
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dertloped typical asthmatic Attack which lasted until the following day and vn* controlled 
by c pfa ednne and ad renal m. On 6th January the blood sedimentation rate (Weatergren a 
method} ws* 35 mm. for the Irt hour and 64 mm. for the 2nd hour no malaria parantes 
were seen m the blood and no amoebae or amoebic cyra m the stools which, however 
contained a few hookworm eggs. Sample* of tputum were examined from 29th to 31ft 
December 1943 and mitea (seven) were found in two out of three aamplra Treatment 
wrtfa atovaraol ku carried out from 3rd to 8th January 1944 (3 12 grammes) and *£*m 
from 20th to 22nd January (2*08 gramme*) During the fim course of treatment an 
2-Mwur tarn pin of aputum were collected and mite* were found in three — twenty mitea 
cf frve different type* bemg present m the aample obtained during the fint 24 hour* of 
treatment, ten mite* m the aecood aample and one mite in the fifth sample. Following 
the erenpletion of the aecood course of treatment, three further aample* of aputum were 
cammed a tragic mite wu found in one of these. No other aample* of aputum were 
obtauuble the lung condition cleared and asthmatic attack* ceased The sedimentation 
tate on 3rd February wa* 8 mm. for the l at hour and 21 mm. for the 2nd hour The 
foal blood exammaticm, made on 29th July gave a leucocyte count of 11 000 per c-mm. 
tnth eoamophil* 1 100 per cmm. (10 per cent) on which date the patient atated that 
be was wefl and had had no further attacks of asthma. 

Cat* 10 — F Male aged 20 years 

Naval rating Suffered from asthma intermittently over a penod of 7 vein, the 
present aenea of attacks (two or three short, tharp attack* each month) having comm enced 
n October 1943 Admitted to hospital on 28th February 1944 Physical examination 
l^reiled prolonged expiration with moiat aounda over both hmgs three examination* 
™ *putum for tubercle bacilli, negative blood count, total leucocytes, 25 000 per cjnm., 
’rrth eotiftophfl* 17,375 per cunm. (69 5 per cent ) stool* contained mi of Trickuris 
Aacam and 'Inry/otfoma. Two 24 hour aample* of aputum taken cm 3rd and 4th March 
’^^tammed and a tingle mite was found m the former Treated with cbenopoduim, 
^tbop tetr achlondo and aantomn and examination on 7th March, showed stool free 
jtom v-orm ora. On 6th March the patient developed an attack of aathma and from 

to 1 0th March be auffered from several attack* of expiratory dyspnoea. Blood examrna 
6on on 1 2th March gave a leucocyte count of 30 000 per cmm. with eosinophils 18 450 
f*r cmm. (6 1 5 per cent.) Skiagram on 19th March showed a marked increase of 
*uiae, fibro*n emphysema and gro*a and fine mottling over all areas of both htngs and 
*° to- defi ned area at the thud sternal in ter* pace auggestiva of cavitation appearances 
•Bggatire of asthma, althmigh TB cannot be excluded. 

Treatment with atoraraol, 0 26 gramme twice daily for 10 days, waa commenced on 
iT*" i 111 ^ during thi* period acven 24 hour sample* of aputum were examined 
A total of 24 mite* of which 15 were a species of TartotuwtMt was rec ov ered for the fint 
f ^ **** ol f’ cr * negative. On 12th and 13th March the patient suffered 

ram rmJd attack* of asthma but aubsequently remained free the chest condition was 
by 20tfi March. Blood examinations made on 27th March and 24th April, 1944 
^av» r 2o Ccl,ve co ' mt * °f total leucocytes 10 000 and 6 700 per c.mm. and eosinophil* 
**4W0 (28 per cent.) and 400 per cjnm. (6 per cent.) 

Cast 17 — V Matt aged 57 yeart 

. ^* nter On 7th May 1944 developed fever cough and attacks of dyspnoea 
*** suspected but no parasite* were found in the blood. Between 1 2th and 23rd 
trr standard agglutination for typhoid, examination of aputum for tubercle bacilli 
^oxmmations of stools and unne were earned cait with negative results, and a differentia] 
count made cm 1 6th May showed an eosinoptuh* of 63 l per cent. Asthmatic 
mc ^»*ed and adrenalin injeetjorts (10 minim* twice daily) were given from 2nd to 
On the Utter date a 24 hour aample of aputum was examined and a single 
jf 4x1 toi identified sped a* was found. 

Sod with stcrvsrsol m doses of 0 28 g r am me made up in cachets with nicotinic 

) *»d calcium lactate (10 grama) was commenced on 9th June and continued 
1 ' tf ‘ l June, a total of 2*6 grammes of atovaraol bong administered On llth June 
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a mite (7yr*f/jpA*i) on present in tbr sputum. On thn day the patjenrt ojaltm 
deteriorated, the tfmpmW roe* to 1U3 F (see chart) and rtrtui lalmn 
auperrejsed, but treatment w 11 continued and on I3tb June the astJauafic attacta amd 
completely and the temperature fcfl to 97 F On 3lit July blood eta m au t r e pit t 
total leucocyte count of 8,000 per cjrtm- with eosmophrU 1,950 per cram. (*4 > pff 
cent.) 



Caie I8.W S Molt apV 33 yrarr. 

Engineer History of intermittent bronchial tnhnn since fba age of » 
of aubjectwn to. and freedom from, attack* aomrtartes being a* much a* 5 «* ’ * 

The present aenea of « trader ctrmaenccd in August, 1942. On 30d) Man*. "7* 
total leucocyte count art* 17 600 per cjnm. with eoamophfla 9,200 per emm- 
cent.) and on 23th May the leucocyte* were 2-1 00 0 per c-tnm. and J 

per cjnm. (58 2 per cent) From 28th May to 5th June nine 3 -I -hour aanpw 
• 1*1 turn were examined and three mite* were found in three of them. , g, 

T reatromt with norano] was commenced on 6th June, bat en d»oontciam 
Jtma a* the asthmatic condition on 7th June wa* exacerbated (teroper^art ^ 

cm 8th June *t*ta* aathmatjem auper-veoed, the temperature raatg to 103 *j J 

cheat signs wart typical of broneboportanoeda. Adrenalin (10 nsnfan*. **”2^^-! 
and Mftft 663 ( n 1 gramm e doses crery 4 hour*, total 5 gra mm e*) WTf “ c 
From 9th to 1 1th June tbe patient** cre-iditioa fanprored rapidly **d the faa ry '^j 
fell to normal. Treatment wdh atosareol wwa resumed from 20tb to 23rd ^ 

quantity firm during tbe interrupted courea bang 2-86 grammes, Bctwten ^ 

17th June four 2t-breir sample* of apotoro were examined but no r aft** 

A aecood couree of treatment, a*tng cari mr yu e , war adminiatared lox a •' & 

August. A final blood count made on 26th October 1941 abowed le** )^* ^ fa 
r mm _, with ecwinojViiU 900 per e_mm. (9-8 per cent ) On thi» dare the j 
good health be stated that he had htd no attack of asthma amce 9th Jane 


Caw 23 — A it S tfafr aged 51 jeer*. 

Stores derk Asthma commenced in June 197" a few mt»thJ »fter hn 
martt to the stores, and a mce that date he antlered severely SeretalpToprytgy 
twos for asthma were tried, but none fare room than temporary relief and ** [»d, 

to tetha from work prematurely a few ytar a *fo- When first aeen by us to •"“•'TA^ay 
he was in a dmresaed condition follow inf a climb of a short flight of aeaira to toe 
On 3rd August a blood count gate total leucocytes 32,000 per cjnm- wro 1 
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18,400 per um (57 5 per cent.) Between 4th sod 8th August five 24 hour **mples 
d tputum were examined snd mite* were found in two of them. 

Treatment with «tov»rsoi vr*s earned out fr o m 9th to 1 8th August, a total of 3 9 
fumme* bemg given 50 mg of redoxon were given with each tablet of itovarsoL During 
tfae penod of treatment five 48-hour tample* of sputum were collected and exam ined 
fire mite* were present m the firat two of these sample*, the remainder and two other 
mnple* titen after treatment wa* completed, being negative. Since the asthmatic condition 
had not entirely disappeared, a second course of stovarsol (total 1 56 gramme*) wa* 
admmjtered from 28th to 31*t August. The final blood count taken on 10th October 
1944 ahowed total leucocyte* 11 000 per cmm. and emmophfl* 930 per cmm. (8 5 per 
cent) Oq this date the patient stated that he had been free from asthma since the end 
of August and that ha sleep wa* undisturbed — a boon that he had not experienced for many 
yean ha hmg* were dear and no dvsjmoea occurred on exertion. 

Effects of Treatment on the Clinical Condition 
As previously indicated organic arsemcals were employed in all cases, 
ttovmol 0 26 gramme tablets being used m twenty-one cases curb arson e 
0-25 gramme tablets in three cases (Nos 12, 22 and 23) and n ova rsenobi lion 
m one case (No 19) The oral method of administration was preferred to the 
parenteral since it precluded the preparations needed for the latter and also 
limited the period of treatment to at most 12 days, whereas the parenteral 
method would have involved approximately 4 weeks (two injections per week) 
hi five cases (Nos. 20 and 22 to 25) the arsenical was combined with vitamin C 
(redoion) in 50 mg. tablets — one tablet of the latter being given with each 
arsenical tablet The administration of this vitamin as a precaution against 
'he possibility of intolerance to arsenic was indicated by the work of Dai now 
( 1937) and Lahiri (1943) 

Of the twenty five cases treated with arsemcals one only did not respond 
satisfactorily In this case (No 15) a clinical relapse occurred one month after 
completion of treatment although the eoaxnophilia had fallen from 3 000 to 
^20 per c. mm . The rest have shown no recurrence of clinical symptoms up 
to the time of writing (November 1944, t.t from 4 to II months since the 
completion of treatment) and m all of them the eosinophiha was greatly reduced. 

Although Grenier (1924) considered the use of stovarsol in the treatment 
amoebic dysentery safe, eight of the cases in this investigation suffered from 
exacerbation of the asthmatic condition following administration of the drug 
hi five of these cases the degree of exacerbation was moderate and was con- 
trolled, while pressing the arsenic treatment by the administration of a powder 
containing ephednne hydrochloride ($ grain) phenacetin (3 grams) and caff on 
otnte (2 grains) m two doses at an interval of 4 hours. In the remaining 
mree cases however the condition was such as to cause anxiety In Case 17, 
toe patient • condition became grave, but continued treatment with stovarsol 
tosuhed in a dramatic cure comparable with that described by Parsons-Smith 
[ 944) following the use of neoanphenamine intravenously In Case 18 
ttovmol was tempo rani} discontinued and the superimposed pneumonia 
treated with "M. 5c B 693 It is not possible to state whether this pneumonia 
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was due to an invasion by a pneumococcus or streptococcus as do cnktrrr* 
made but jt n of interest to note that no response nu obtained when \L fcL 
©3 rrai used in Cases 1 and 5 for treatment of the asthmatic and etwuofiilr 
condiuoru. In this connection attention may be drawn to the uotooo h 
AlwaJ-L( 1943) of pneumococcus (Type* 7 31 and 33) in two caret ofpdnmrT 
infiltration with eosinophils— LoefSer a am drome — and to the otufwtr 
remit* obtained by treatment with sulphathiaxolc. In Case I! the past* 
deTeloped an acute renal colic on the 3rd day after completion of treatmottal 
wa* removed to h capital where *he became unconscious the foOcmcj to t 
and remained to for 48 hour*. It may alio be mentioned that in mother ok 
with an initial count of 3,100 eosinophils per am — not included n d» 
itna ti no suitable arrangement* could be made for collection of tpateo- 
where the patient wai treated with storarsol (total 3-9 gramma over H dip) 
and vitamin C ihc developed fever and later on the 3rd day after coutpkwt 
of treatment, became unconscious she remained in a comatose confitwo f* 
4 days, when todium thimolphate was a dmi mitered and ctxtsacxnoen ■* 
regained almost immediately 

Haematolocical Fi.xdwc*. 

Tbe reaulti of blood exam! nation* before treatment with organic 
and at nnoui data after the completion of treatment, are given in T*bk D- 
Both abiolute and differential leucocyte count* were made i D lwuirr 
three of the twenty five catei under renew The differential ctwnti am 
made on a minimum of 500 leucocyte*. , 

In the twenty three caie* for whom abiolute count* were made U* 
white blood cell count prior to treatment ranged from 9 000 to 
c.mHL, and exceeded 20000 per canra. In seventeen caac*. The eowiwp 1 
count m the*e cases prior to treatment varied from 3,000 to 42,550 per cJsn-, 
and exceeded 10000 per onm. in sixteen case*. xrfntjt 

For eaie in comparing the eosinophil counts obtained in the 
ciki before, dunDg and after treatment, the number of eosinophils 
found at each examination is expressed in Table III in term* of t he ^ 
conn op hi I count for India which on the basis of the work by ^ cluV _ 
Dha*md*d*a (1933) and Napie* and Das Gufta (1935) is taken as 500p«^ ^ 

The eo»nophd records obtained from the commencement to tt* ^ ^ 
the 1st week after completion of treatment varied gready m & 

original counts pnor to treatment In four cases (Cases 20 1 b ^ J*gx 
eojinophitia increased (by 2,000 to 21 600 per omn.) although in ^ 

c ases (Case 13) the count subsequently fell to Jess than the origin^ °y 

of the 1st week. In the remaining six cases for which record* during tWP^ 

were available a definite but variable reduction in eoamophifia 
counts ranging from 1,300 to 9,810 per c.mm. as compared with unti" 
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of 7,560 to 13,450 per c.mm. for this group During the 2nd week after com- 
pletion of treatment (six records) the reduction# in eosmophiha were con 
nderable and the number of eosinophils less than 5 000 per c ram. except in 
one cue (Case 9) where the count still exceeded 20000 per c.mm. During 
the 3rd and 4th weeks after treatment the record* (seven) suggest that reduction 
in eosipophilia wax continuing and that in some cases (Cases 12, 3 and 15) it 
wu approximating to normal Subsequent records from the 2nd to 7th months 
after completion of treatment show still further reductions and indicate that 
these were general and progressive Of the final eosinophil counts (sixteen) 
made during this period mne were less than 1 000 per c mm. five were between 
1,000 and 1 600 per c.ram. and two exceeded 2,000 per c.mm. the range in 

these cises being from 280 to 4 4S0 per c mm. as compared with 8,920 to 

42,550 per c.mm. prior to treatment. 

Sputum Findings 

Although considerable prominence was given in our previous paper to 
the importance of protecting the samples of aputum from contamination by 
mites from extraneous sources further experience has served to emphasue 
that the precautionary measures adopted must be of a high standard of efficiency 
«nd earned out with scrupulous attention to detail. Accordingly in order to 
reduce the possibilities of such contamination to an absolute minimum, certain 
modifications of the technique originally described were introduced early in 
these investigations. Scrcw-capped bottles were discarded and flasks or 

l*Jge tubes with tight fitting rubber stoppers onlj were used These were 

prepared as previously described and were then placed in cylinders containing 
1 wluuon of pyre thrum (about 1 inch m depth) the covers of which were 
lct lcd with vaseline impregnated with the same insecticide. Directions issued 
with the apparatus emphasized the importance of retaining the flask or tube 
within the cylinder at all times except during expectoration. The flasks and 
tubes when isaued each contained 10 c.c. of 1 per cent, potassium hjdroxide 
this acted as a preservative and also reduced the penod required for disintegra- 
tion of the muco-purulent material in the laboratory On arrival at the 
hborttory the sputum samples were, if necessary treated with additional 
P°tis*mm hydroxide and formalin and were then replaced in the cylinders 
01 kept m a refrigerator until such tune as they could be crammed. All reagents 
used in the work were filtered and kept m the refrigerator In every case the 
whole sample (usually a 24-hour sample) of sputum was centrifuged and the 
deposit examined under a low power binocular microscope 

fn the course of these investigations over 200 samples of sputum were 
examined, and mites of various species were found at one time or another m 
1116 sputum of every patient except Case 21 who was unfortunately unable 
t0 P reduce any materia! for examination. Mites were also found m the urine 
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of three of the cue* from whom samples w e r e submitted owing to coaco ma a 
unnary disorders. 

In Table IV the result# of 5 be examination* of iputura from each paoem 
before dunng and after treatment, are given. Those for the tut cJttjarj 
■re meagre owing mainly to tbe fact that, by the time treatment ra eocfixrf, 
the production of tputiim was much reduced and several patients wrrt { *n!i 
to provide specimen* for examination. 

On reference to the able it will be seen that wherea* mites were fcoai 
in tbe *putum of twenty three of tbe twenty four cue* examined before tea- 
men t, they were present only in fifteen of twenty three cate* during the pcwJ 
of treatment and that tbey were found in forty three (50*6 per cent) if 
eighty five simple* of iputurn examined before treatment and in thirty-tern 
(36-6 per cent.) of 101 tample* taken dunng treatment. But tbe actual Dealer 
of mite* (ninety five) recovered from the mite positive sample* (forty -thru) 
before treatment was definitely le»* than the number (122) rrcorrrrd free tie 
mite- pou tive aim pie* (thirty seven) dunng treatment In the ffoyrey “ 
instance* the number of mite* present m any one positive sample of spot** 
collected pnor to treatment was low rarely more thin one or two, and erttti 
mg three on six occasion* only and in one instance alone w« a euo»dai» 
number of mite* found in a single aample, or. fifteen mite* in tbe fifth 
collected from Case 9 who at the time wa* suffering from an acute * toct^ 
asthma. Dunng treatment, the number of mite* present In the pontnx senpw 
was a ho usually low but it exceeded three on eleven occasion* and an c ®' 
aidcrable (ten and over) in four earn plea. In three cases (Cases 3, 7 *ad ™ 
mite* were numerous in the sample* collected on the first 3 days of 
in Care 3 thirty mite* were found in the first two aample*, m Case 7 ^ rt0 
mite* were prerent in a portion of the sample (the rest having been !«* t>^ 
■cadent) collected on the 2nd day of treatment, and in Care 10, twenty 
mites were prerent in the first three aample* that collected on the SrfJPJ 
containing fifteen In the tputmn sample* (twenty four) cnDected*hO“J 
after completion of treatment, mites were Ics* often prerent and fen nun**®” 
than in the aample* taken either before or dunng treatment, and in no ' nsa ^ 
wa* more than a single mite found m any one of the positive satnpJO- 
further observation* m respect of this last category are oeceiaary 

Trees or Mrm Fxeizxt rv the Spvrmt ^ 

The mite* found in the sputum of the care* studied were, ^ 

part of type* similar to those mentioned in our previous paper 
were essentially those which arc commonly associated with stored 
dust and debna. They included a wide range of apeae*, several of 
hi* not yet been possible to identify Tbe majority (approrimafl fr 
cent), however belonged to the families Taraonemidae and Tyro fjj-^ 
Tbe Tarsonemid mi tea were of two kinds, the small apeae* of T 



HETOT T CARTER AND V ST E- D ABRERA 


331 


previously noted and a speaes of PedtcuUndes or allied genua. The former 
occurred in the sputum of nineteen of the patients and m 40 per cent, of the 
mite-positive samples in all cases except Case 6 — in whom a single raitc 
only was found — it was associated with other species. In Cases 7 and 10 it 
was the predominant mite present, the number* of Tanonemux found in each 
being fourteen and seventeen respectively Males appeared to be more pre- 
valent than previously observed, and were found m 14 per cent, of the positive 
samples , larvae were isolated on three occasions and a tingle egg — containing 
i fully formed larva — was found m the sputum of Case 7 In this case twelve 
tpccunens (five females five males one larva and an egg) were present in the 
sputum samples collected on the 2nd and 3rd day* after commencement of 
treatment The speaes of Pediculcndes (?) was found in small number* in six 
of the patients most of the specimen* isolated were females, but one larva 
sns found. This mite is a very small (approximately 150 /a m length) delicate 
species which may be easily overlooked when examining sputum all specimens 
seen appeared to be of the same species which, however was not P vtnineomx 
the mite commonly associated with grain and responsible for the to-called 
H gram itch m persons handling infested materials The Tyroglyphid mites 
found included several species of Tyroglyphus and Glyapkagus and one of an 
undetermined genus which agrees with Kramer s (1899) definition of Me ah a 
in that the anus and anal sucker* of the male are surrounded by a chitmous 
annular sclente. Mites of this group occurred in the sputum of 17 cases and 
m 53-6 per cent, of the mite-positive samples. Species (at least two) of Tyro- 
glyPhus were the most prevalent and were found in all stages from egg to adult 
m the sputum of fifty five specimens isolated, nineteen were adults, six were 
nymphs, five hypopud nymphs four larvae, five eggs and the remainder nymphs 
or adults m too severely macerated a condition to allow of accurate deter- 
mination In Case 3 the samples of sputum taken during the first 2 days of 
treatment yielded thirty mites in various stages of these sixteen were Tyro~ 
pyphus The occurrence of hypo pi *1 nymphs in the sputum is a matter of 
considerable interest. Such nymphs differ greatly in appearance from the 
normal nymphs, each being provided with a hard convex dorsal shield and a 
ventral disc armed with powerful suckers. Some authors regard this stage 
** 111 mterpolatory one produced mainly for purposes of migration the factors 
responsible for its formation are not clearly understood, but m this stage the 
nute is known to be highly resistant to unfavourable conditions. 

Of the remaining mites found in the sputum in this investigation little 
can be said until their identification is known. Among them, however were 
J} Lne * pea men* (from five case*) of Parasitid mites and five specimens (from 
our case*) of Cheyletids Single specimens of Demode x Enopkya (?) Hoplo- 
mna and of the human itch mite, Sarcopta scabm were also isolated. The 
named was m the larval stage but was bad!) macerated 


The nut a found in the unne of Case* I 2 and II were mnidy Tpv 
glyphids, Tarsonemids and an unidentified species Early of Tp 
(fypJtus lompor (?) — an egg and a larvae — and of the unidentified matt— broc 
and nymph*— were found in addition to adultt of both *exes. 

SoitE CovitDERATtOM OX TUI POSSIBLE RELATION OT MlTO TO 

CtrraiN Bboxcuul Duo no ns. 

The resula of our earlier investigations on the presence of onto m beam 
sputum led ui to beDere that the evidence obtained suggested (a) dot tfa 
mites found in the *putum were derived front the lungs and/ or bronchi (h 
that in one case at least they were probably living and breeding b the rota- 
tor) tract (f) that the chief method of infection was by lohalinoo (f) d* 
infestation with mite* was in some cases of long duration and (f) the lie 
condition variously known as pseudo- tuberculosis eoauxphd tag 

tropical etmnophiba might, in part at least, be explained on the bawd 
mite infestation of the respiratory system. 

The present investigations hare not chafed an) facts necesutawg cwh- 
fi caii on of these views rather the additional evidence obtained tar* » 
support them. 

In our opinion the strict precautionary technique adopted in these hmrt- 
g* lions in respect of the collection and examination of sputnm sampk* “ 
entirely precluded the possibility of contamination of the samples by 
from extraneous sources. Tins being so It can on!) be concluded tW t* 
mites were derived from the patients and since examinations of month 
nasal washings have so f«r proved negative and mires bare only been fxoi 
sputum, it would seem flat they were denred from the lower part c* 
respiratory tract. Furthermore the type* of nutes r ecove r ed from d* 
were essentially those which normally occur among materials— stored I**** 
foodstuffs litter and dust and debn* of various kind* — with which 
fretjuently associated in varying de g re es of intimacy dependent **T 

the nature of hu environment. The influence of the latter factor u 
reflected in the present sene* of cases by the fact that at least eight 
were engaged in occupations which involved close asaoaaboo with 
mite- bearing materials and possibly also by DA OAR res' 1 * (1943) 

that of seventeen cases of tropical eosinophilia seen by him 
sixteen belonged to the merchant commumtie* of Calcutta and ft* 0 * 1 !, 
tropical countries particularly however It would be unrraKX iabk ro 
the possibility of mite infestation as limited to persons who wtak ® 
warehouses, fact ones, mills and *o forth, for condition* favounag 
trot) of mites of the types specified are often present in and arotmdtbeyV, 
of the poorer residents. In this connection Sroasi vax 
discussing climate asthma ” in Holland, rate* that 90 per ceB **°Y7? 

Cases are hypersensitive to allergens m the air which are *b*xtxd 
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mucous membranes of the air passages , he considered that the most important 
factors m this group were * climatic allergens (or miasms) which consist of 
products of destruction of micro-organisms mould and insects (among the 
last mites being important) which occur for the most part inside our houses 
Inhalation is believed to be the chief method b) which the mites gain 
entrance to the air passages but no precise information is \et available on the 
extent to which mites become airborne following disturbances — due to wind 
cleaning processes, or removal and rearrangement of materials — of their breeding 
places and immediate surroundings It is however reasonable to think that 
the prevalence of airborne mites will sir) greatl) and accordmgl) that wide 
differences m the degree of infestation are likely to occur among infected persons 
The occasional inhalation of a single living mite may well be a matter of common 
occurrence, and may have little or no effect upon the recipient except in rare 
instances. But should circumstances ensure more frequent inhalation of mites 
the chances of some of the rrutes establishing tempo rar) residence m the 
respiratory tract would probably be increased and even although the period 
of residence be limited, the continued accessions of freshly m haled mites might 
well result m a senes of overlapping infestations involving the continued 
presence of living mites over long penods H INMAN and Kampmeier (1943) 

considered that Tyroglyphid mites were unable to establish themselves for 
protracted penods in the alimentary tract and that it was the long continued 
ingestion of food infested with these mites which caused the severe diarrhoea 
in their ex penmen tal dogs. Nevertheless the possibility that certain species 
of Tyroglyphid and Tarsonemid mites may become established in the respiratory 
system and live and even breed therein over relatively long penods deserves 
consideration. Indeed, we suggest that this possibility is by no means remote 
The powers of adaptation and resistance to unusual conditions exhibited by 
these mites are considerable and the expectoration of relatively large numbers 
of particular species of mites in all stages by patients shortly after administration 
of arsenic has now been observed m three cases (one in the previous investiga- 
tions) and would seem to indicate that breeding was m progress But evidence 
that Tyroglyphid mites are able to live in human tissue is also afforded by the 
foding on two occasions of living mites in accretions of fresh sputum and by 
^ presence of all stages from eggs to adults in unne and also by the remark- 
able cases recorded by Trouessaet (quoted by Hinman and Kampmeier) and 
Hope Simpson (1944) In the former case a scrotal cyst on puncture yielded 
*° mc 2 ounces of fluid containing approximately 800 mites of the Tyroglyphid 
genus Hntiogaslrr in all stages of development m the latter a carcinoma of 
jaw was found to be infested by Tyroglyphus (possibly T longuxr ) and 
hsing mites eggs and faecal matter were present m the growth suggesting that 
me mites hid been resident for a considerable period in the situation m which 
they were found. In this connection too it may be apposite to observe that 
** •ome tune in their evolution the free living ancestor* of the parasitic lung 
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rtutc* of monkeyi (Pnnt/rtonyma) and some other animals pawed tkro*j*i i 
phi re dunng which adaptation to the conditiom existing in the ropnfaj 
system occurred. 

The number of mites found in the sputum of the cases investigated nnd 
considerably both before and during treatment. Often few or single ipethnea 
only were seen in large samples of sputum, but occasionally namauta Bto 
occurred in a single sample. The preralencc of mites in the sputum cf c 
infected person however would not necessarily bear direct relation to tie 
intensity of the infestation Both the condition of the mites present and tics 
site of residence would probablj influence the actual numbers etpectorari 
Dead mites would conceivably be more readily expectorated than bvmj 
and mites living in the larger brpnchioles would be more easily eipeCed that 
those in the smaller bronchioles or alreoG, particularly if the former ret 
occluded by pus or mucus, or the latter were collapsed. \Ioreovei the prtseoct 
of large numbers of nutes may not always be necessary to produce the symptoai 
observed for MeluiNVT (1943) has shown that the number of parssita actolj 
present m human scabies is usually small and much less than would be expert^ 
from the extensive signs and symptoms associated with dintcal sabfeL 

The possible effects upon the individual of living mites in the rajxnwr 
tract may next be considered. Is definitely pathogenic it j gndo 

the lungs of monkeys and leads a parasitic existence causing ertmart cxnotxe 
and a condition simulating tuberculosis. There is no evidence at P rrt “*’ 
however to suggest that non parasitic mites of the types which ba 1 ^ *° 
been found m the respiratory system of man arc capable of producing *®“ r 
lesions. But several authors consider that the existence of Tyrogiypbd :■£» 
in the stomach and intestines mar produce both in man and amn»b pid*> 
logiad symptoms of an allergic type. That this is a feasible prop**®®® 
apparent from the fact that their mere external contact with man 
causes severe dermatitis thus affording evidence that these mites are cap®* 
of producing powerful toxins (Downxo and Tjiojiai, 1942). 

Present opinion tends to the view that the function of the eoam 0 ?^ 1 *. 
neutralise toxins of proton origin (Bt-SOLOCK and SOUTH WILL, 1931) tF ~__ 
an exceaa of eonnophib in the blood indicates the presence of some 
animal proton or of certain amines which can be derived from the 
tads of plants or animals (Actot and Diluting naa, 1933). Tt*. 
authors also showed that reactivity to proton varied m different 
and that the degree of eosinophilic response depended on the sensitinty ^ 
individual to particular protons. Srtovo (1942) considered eonnoph®**® 
an allergic response as it occurred after repeated injections of a forago 
and after a latent period. Since in several of our cases a high initial 
obtained when no animal parasites other than mites could be 
there a good reason to believe that the latter were responsible for tta 
tKUL The presence of mites in the respiratory tract, however would ^ 
tarily be associated with an excessive eonnophilia. A person in ^ 
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mfestiticm is m an early stage might show only a slight eosinophiha, and a non- 
sensitive, or non sensitized individual might show no definite reaction 
Mellanby (1943) has recentlj demonstrated that m scabies infections in man 
sensitization usually occurs about one month after the initial infection and that 
during the period preceding sensitization no discomfort is caused by the activi- 
ties of the itch mites but on subsequent reinfection an intense local irritation 
occurs within a few hours of the entry of the mile into the skin 

The relation of eosinophiha to allergic manifestations has been indicated 
by Code (quoted by Strong 1942) who reported that the eosinophil is a 
earner of histamine and that the existence of this substance m such cells may 
partly explain the mechanism present m asthma, hay fever and other allergic 
conditions Histamine, a cleavage product of protein, may be produced in 
the body by the breaking down of an introduced protein or of body tissue 
*nd it is therefore probable that it, or a closelv allied substance, may be liberated 
by the disintegration of dead organisms, by tone emanations from living 
orgam* mi or by damage done by them to the tissues. Thus the mechanism 
involved m the production of those forms of asthma which are associated with 
1 high eosinophiha would seem to be, first, increased activity of the eosinophils 
due to the presence of a foreign protein , second, the liberation of histamine 
from the protein by one or more of the means indicated above, and subsequently 
the absorption of the histamine by the eosinophils and its transportation by 
them to the vaao-motor centres where the asthmatic spasm ts initiated. 

That asthma may result from the disintegration of dead insects or portions 
of insects m the respiratory tract is shown by Fioley s (1929) observation m 
Toledo where cases occurred among persons who had inhaled the pelts and 
figments of May flies and who had become sensitized by long exposure for 
mcceasive seasons to the annual invasions of myriads of these insects from 
Ene. Hansen (1929), Earle (1944) and others have described cases of 
uthfna due to adult Ascans and their emanations, in whom the asthma 
Pirated ts long as the patients were infested with the worms but disappeared 
threctly the latter were expelled by treatment with specific drugs 

Diluno (1943) considers that neoarsphenamine after circulating in the 
blood as a colloid becomes adsorbed both on the parasites and tissue cells 
^hich slowly oxidize it mto a toxic tnvalent compound. The arsenic is stored 
m the spleen liver lungs and kidneys and excretion occurs mainly mto the 
raeces and unne An observation made on one of out cases to whom 1 25 


of carbarsone (28 85 per cent, arsenic) were administered over a period 
57 hours showed that 0-008 mg of arsemous oxide (0-006 mg arsenic) 
excreted in 53 c-c. of sputum expectorated by the patient during that tim e 
ue have also found that arsenic, in the form of arsemous oxide (1 1 000) 
7"^ Tyroglypkus longwr m 10 minutes and in the form of neoarsphenamine 
0 1,000) m 24 hours. 


The stnkmg and rapid effects of organic arsemcals — the great reduction 
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in connophiGa and cettation of clinical symptoms — upon thaw aw n ths 
tenet in whom no parasite* other than mite# were found, suggests, therein, 
tint these effect# resulted from the elimination of living mite# by the ptn- 
ritical action of the drug#. The possibility of #ome unrccogmxcd psnsaa, 
aach u #pirochicte# which #re a bo susceptible to ar*enlc bang present n enr 
cases and being the ciuum e agent* of the condition ha# been considered brt 
to far ha# not received support from experimental wort which will be dewrid 
in a subsequent paper 


SUMMAtT 

1 An account i# given of investigations conducted on twenty-fr* 
Ceylonese pstients, all of whom showed high eosmophiba (not lea# than 3JW 
per c mm.) and, with one exception, symptoms of respiratory disorder* — cfaefly 
bronchial asthma 

2. Cate hi »t one# are tummanxed in tabular form, but nx of specul later* 
are given in detail the duration of the aymptom* at the tune the f*oertt 
came under investigation varied from 3 week* to 17 year#. 

3 All cate* were treated with organic arsenical* and with one except* 50 - 
ret ponded satisfactorily the re#pon*e wis rapid and involved a great redurt** 
in the eosmophifla and cessation of the clinical symptom*. Thete eflects **** 
maintained throughout observation period* of from 4 to 11 month*. 

4 The record# available indicate that during and for the first - 
after completion of treatment the eosmophiha raned in tome cate* it 

but in the majority it decreased considerably From the 3rd week *f ter^r txi- 
ment onwards the reduction in eoamophilu became general and P rCnoun ^V_ < 

5 Over 200 samples of sputum were examined and mite# of 
specea were found at one time or another in every patient from whom *4®?“ 
were obtained mitea were also found in the unne of three of the c**e* 
concomitant urinary disorders Usually the number of mite# present 
sputum sample was small but m five sample# collected from four case * ** ** 
rebtively high, ranging from ten to twenty in each sample. Mite# wtie 

in 50-6 per cent of the sample# collected before treatment, in 36-6 
thoie examined during treatment and in 25 per cent, of thoae cttnnfif *L_^ 
treatment, but the average number of mite# found In each posltne i*®?" 
in the last category was definitely lower than in the other categoric*- ^ 

8 The type* of mites found In the sputum were essentially those* ^ 
are commonly associated with stored products, dust and deb ns. 
mstcly 75 per cent belonged to the families Tsrsonemidae and 
All stages of mitea — including hypopiai nymphs of a species of TyroiTI"^ 
were found in the sputum and in two patients all stage* of the * ,Q< ’ 
occurred in two successive 24-hour samplea of their sputum. , ^ 

7 The rebtion of mitea to certain bronchial disorders i* dbcu**^ 
reference to the results of these and the previous investigstKaia. 
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Table I\ 


HAMISATXON or rrUTUM roa MTTES. 



* Part of the simple collected on the second dsy of treatment was lost by accident. 
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STUDIES ON THE VENOM OF SOUTH AFRICAN SCORPIONS 
(PAKABUTHUS, HADOGENES OPISTHOPHTHALMUS) AND THE 
PREPARATION OF A SPECIFIC ANTI SCORPION SERUM 

BY 

E. GRASS ET wm. 

A SCHAAFSMA ilsc. 

AND 

J A. HODGSON bjbc.* 

Tkt Scrum Department South African Institute for Medical Research, 
Johannesburg 


These investigations were initiated m 1940 m response to a request from 
Union Defence authorities for the preparation of an anti scorpion serum 
0Win E to the presence of Urge numbers of scorpions in certain district* where 
boopi were encamped. This measure was of a precautionary nature as very 
^ severe case* of scorpion sting had been reported in the Army Although 
v * n °us ipecies of scorpion* are widelj distributed throughout South Africa 

"W e with to acknowledge our thank* to the following pc non* for their val uab le 
u theae mveitigmtjoni Dr I B Pol* Evans (Irene) Mr Blacebeahd (Serowe) 
u Transvaal Poncola Development Company for collecting thousand* of 
Dr R. F Lawrence, Director of the Natal Muteum, Pietermaritzburg, who 
^7*q" *ccapion» aent to him Dr J H Mason Res ear ch Veterinary Officer of 
irmt^Mi Dyrhrient Mr J Chalmers, \ etennary Officer of the Serum Depart 
^ K. M. Wooldridcb and Mr F \ Brandt for their m valuable technical 

mTT'Pff *nd finally to our colleagues Dr D A Louw (Branch lei) Dr G Holtthausen 
Dm? d Dr A. T B H Bodcnstab (Groblersdal) Dr D Malherbe (PhUipatown) 
for U , %fcr 0 ohannaburg) Dra. J van Eden and J O Malley Irwin (Thabaximbi) 
•applying u* with clinical data on the effect* of anti-acorpton aemm 
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and scorpion stings are Dot infrequent csptaall) among the Nitree popular*, 
fatal coin «r exceptional and arc observed UJual/y in children. 

No statistical data on this subject could be obtained cither from thfUws 
Fubbc Health Department or the Director General of Medical Scroco k (ir 
Union. Furthermore the almost complete lack of scientific data oo the retort 
ton ary of the various South African scorpions apart from a study on Oftakfi- 
tfudwaa captnsu (EMDLN 1933) made it necessary to undertake a studj of dr 
venom of the main representative* of South Afncan acorpwoa. In cactn*, 
comprehensive studies Have been made of the roo logical taxonomy and tyfet- 
mstie* of South Afncan scorpion* All our roological reference! hate beta 
taken from Hro rrr’s (1925) important monograph on South African swrpcns 
and the more recent contribution of Lawievce (1942) which refen chiedy 0 
Natal and Zulufcmd scorpiona 

The inxcatigauon* detailed in the present paper are hunted to the fc&rcf 
three genera (1) Parabuthus (2) Hadozmn (3) OpttthopMtkalw- 

These genera are the most common representatives of the South \fnao 
scorpion fauna and constitute by far the vast majority of the specimens 
to this Institute b) various collectors A certain number of UrvpUr^n (Botbdar) 
and CMoctoms and Optrthocanlkus ( Scorpio rudaf sub-family Isdnum* 2 ) 
were received but in too small numbers to be of experimental vahre. 


G COCRAJTI I CAL DlTnUBtmOW 

FerTmk rt .h u (ftmilj Buth>dac) — This occurs throughout Africa aod A nb*» ^ 
n apparently absent from Natal and PoodoXancL Our apecuncns »ere amt 

Nstxxisl pongob Reserve Northern Transvaal and Hcch-uaruland Piotrri 1 **^- 

of the spearnen* neve of the r*o fbfkmmg • peeve* P trmnn mmitnet and T /< » *** " 
Average Height of adult apcctmcn -"4 5 gramme*. avrrsge letMTth fnxn *u*“ ’ 3r 
of carapace to trp of tetaoo 7 2 cm FmrofmlJmn belongs to tha a sme fsmJ j m 
f * iafti tmbu uaiuuo nly found throughout the *boie of Nortbem Afnca andre*?*** 
for rnort of the *ev era stmgi reported m Egypt- (Toon 1 009 ) TbeK tw 
sanQar too logical charscterisuca. In contrast to the OfitOwfiftbl*** ” 
v*hrc±i are armed with powerful pincers (pedipalps) bet have a slender ufl 
tdaon, the Buthsdae hive thm pincers but poaseaa a mss me tad ending 

duthsous telson. {See PhotafTcpi, I ) . —*0 

OputhtpM iWam j (Family benrpionjdae sub-famfl) Scorpradn*)- 1 ^ ^ 

abundantly thrtMghout South Afncs, exterKhna noctlnvanis to the Conenc m 
\Ve*t sod equatorial report* tn the East. Moal of our sped mens cam e frorr i l^- ^TV 
land Prweetomo and two specie* acre re cei ved, O KmMtrrt and O _ t 

average we ig ht of adult specimens received was 0-7 gramme*, tha average KfJ™ ** * 

Urn dprmar. I Family Scorpjotudaa aub- family laebmtnaae)- Tin* 

South Africa and Madagascar North as far as tha Feira district, Portugue^h?*^ 
West to Congo temtory It a, apparently absent from the coastal itty hctii 
to Port Elisabeth- The majority nf apectmens received belonged to t be *■“* 
llm&rffms Irfiojjta dtmtmm and were sent to us froen tbe Eaatern Trio*'** 1 
weight of adult specimen — 6 grammes, average length — 10 - on- (Tl* 
weight recorded «n 18-43 pjnam for a Hmiefti m female 18 can- In 

Ernucncrr of Vet>om, 

Tbe method of rvtracijttg scorpion reoosn usually adopted 
large seal* is based on mechanics! enrshatg of dry tebooa folio* ed by aqoeoos 



Pot aim thus 

Arrrnfx length 7 2 cm. 


Hadagenn 

Average length 10 2 cm. 


OptUhopfuhalMUS 
Average length 8 2 < 


I^Hotocrapm 1 — Specimen* of South African Scorpion* dealt with m thi* paper 
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According to ToDO (1909) telsons src dried in the *un *nd then placed m a dc*k> 
cstor cner csjaum chloride. When the icnorn wu mjuired the dry telsoas were ground 
m * TurVah coffee mill and added to 0 8 per cent julmc m the proportion of one rung 
to 1 ml nine 

Srctnt (1933) at the Pasteur Institute Algiers dried the cut telsons at 37 C 
which he kept thereafter at room temperature m sealed tube* until the} were required 
For expenmentsl wort the telsons were ground up macerated m physiological aalmc 
sad. extraction rrss completed with glass bead* ShcIjOV (1939) m Palestine MaiIOUMED 
(1942) m Egypt and MagaUKAES (19v®) in Brsxsl used atrailar method*. 

C. Phisalec and M. PmsALK (1922) obtained the venom by applying an electric 
current to the telaora of the acorpioru While tin* method undoubtedly was an improved 
technique for individual apeoroem, Serocnt who tried the Phi saint method on 397 
Pryxxrnt eotstrohs state* that the small yield of venom (an average of I 3 mg.) so obtained 
does not advocate its use for large-scale collection of venom. A similar method was used 
by EworK (1933) m South Africa on Opulhopktholmus cafxnrts Our method of extracting 
•«wp*ai venom differed from the above technique* We endeavoured to collect scorpion 
on a large scale in as pure a form as possible 

For Parabuthut possessing hard cheratmous telsons the best method was to extmet 
VtttQrn from the teUon by asp 3r » ttot t w ‘th a fine capillary pipette, after the Up of the telaon 
had been ait The thin layer of liquid venom collected on a watch ghui was left at room 
t«nper»ture exposed to air and dried withm a few hour*. For Hodogous and Optsthoph 
t+eimut the chitmoui telsons of which are easily collapsible the method was to squeerc 
the tebon gland* between the arm* of a pair of forceps and collect the liquid venom on 
glass After desiccation, the potency of the pooled venom was estimated m rela 
dry weight in milligrammes as in the case of make venoms. The only reference 
** have found of a similar technique is that mentioned by Kraus* (Kolle, KRAU* and 
UHEEsmiTH, 1930) working on South American scorpions (Tityux) 

Physical properties of scorpion venom 

After extraction, the liquid venom had the appearance of a white milk) 
¥liCy ^ fluid. No appreciable difference was observed between the venom* 
°f the three genera. The pH of the \ cnorai was determined e 1 ectro met n ca U) 
wth a Beckman pH meter the value* were pH 6 4 for ParabutJtus venom, 
pH 5 5 for Oputhophthalmu t icnom and pH 6 2 for Hadogenes \enora. After 
desiccation the venom took the form of a white flaky product adhering 
to the watch glass from which it could be detached with a needle m the form 
°f fine scale* 

The weight of the venom was determined by the difference between the 
'sttght of the watch glass before collection and after desiccation of the venom. 
Hie weight of the liquid venom immediately after collection was also taken, 
to record the percentage loss of moisture on drying The total number of 
^orpions used for each collection wa» noted usual!) 50 to 100 for each 
watch glass which allowed for the determination of the average figure of dry 
T enom per scorpion collected. 

1 Parabuthut — Venom was collected from 338 specimens The total 
weight of venom collected was 1 -6342 gramme*. The average yield was 4 8 mg 
0 • *y venom per scorpion. Insufficient scorpion* arrived at any one tune to 
^low weight of liquid venom being taken with accuracy 

2. OputkophthaUnus — For a period of 3J year* venom was collected 
frtnn 5,985 specimen*. The total weight of venom collected was 8-6225 
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gramme*. The average amount of wet venom per tcorpfon ra 6 5 mg. tk 
average yield of dry venom was 1*4 mg giving a 78 5 per cent, km of aojkf 
on drying Hu* figure compare* do*ely with that given by Emtct (1OT) 
for the nverngc dry weight of venom obtained per acorpion from 0 cafe wm, 
t 1 3 me 

3 Iladogena — During the mine period venom wa* al*6 collected Ike 
9 603 apccimen* of thu genu* The total weight of venom collected 
28 2791 gramme*. The average amount of wet venom per scorpion w» 12 d;. 
the ateroge yield of dry venom wa* 2 7 mg., gmng a 77 3 per cent, kw d 
weight on drying 

No significant aeasonal difference wa* detectable eitlier in the appears# 
or the weight of the venom* collected The total number of *corpioa* 
for all experiment* waa lb,946 

SlMPTOMS rOLUn\l\G InjICTION OI ScORlMQN \fcNOM TO La*0*AT0*T 

\fiiuu. and nrt DiTiRMivvnoN or tiie Minimum Lethal Doe. 

For experimental work, a given amount of *alu>e wa* added to dry *cr*p*» 
venom to obtain a solution containing 10 mg per ct So hit Km mt facSWtf 
by mechanical Wimng with a glow capillary pipette The aohition 
to *tand to allow debrw to settle. flic »upernatant vencrm *ohJtiem w» “f® 
u*cd without filtration or centrifugation In order to mm inure pooiWc mdi- 
\ idual difference* pooled venom sample* have been uaed in each evpennret 

Experimental intoxication wa* atudted on mice guinea pig*, rabteti 
pigeon* injected by vanou* route* intravenous subcutaneou*, mtmnn»cu 
mtracutaneou* and intracerebral Frt*h venom solution* were u*ed la 
experiment* it being found that the venom wa* unstable m *ohitton. 
experiment* were completed on the day in which venom wa* put into wiunon 

Parebuthus VENOM- 

Parabutbu* venom While mice (23 to 22 gramma). — The rntrJ ' < ?**! 
injection of 0 1 to 0 4 rag of Parebuthm venom (about 1/40 to 
into white mice in a volume of 0 5 c.c. wa* followed immediately by 
of respiration dyspnoea, waggenng and mco-ordi nation of nHWetnoi 
leg* Wretched m forced evtcn»Km with tail flexed over back 
mice «at erect guped, jumped about uncontrollably and fell paraljaed. ___ 
occurred after wgm of aiphyxunon from 30 *econd* to 5 minute* thcr 
In some case* death wa* delayed np to 30 minute* after progressive 
and dytpnoea Injection of wib lethal dose* re* ul ted in the itrnc type 
lymptom*, followed by gradual recovery 

Subcutaneous injection* of 05 to 2"0 mg of Parmbuikus venom *« nc ^ r ^ r3 
to produce death. In ipite of the high dosage otaet of the 
delayed up to 30 minute*, death occurring in 2 to 3 hour* after 
dyspnoea and par*ly»t* 
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Intracerebral injections were earned out with a venom concentration of 
40 mg venom per c c. to minimise the volume of inoculum to 0 05 c c The 
venom injected varied from 0-0001 mg to 0 2 mg Doses up to 0-0005 mg 
did not affect mice and produced only mild transitory symptoms Injection of 
doses from 0*002 to 0 1 mg were followed by immediate convulsions trembling, 
paralysts with the hind legs stretched out Death occurred from within a few 
teconds to 3 hours according to dosage Injection of 0 1 mg to 0 2 mg 
resulted m almost immediate death. 

Parabuthus venom Gmneaptgs (350 to 400 grammes) — Guineapigs were 
injected subcutaneously and intramuscularly The lethal dose of Parabuthus 
venom was 1 to 2 mg Immediately on injection the animals showed signs of acute 
discomfort and pain by squeaking biting the area of injection coughing and 
g**pmg for air There was distension of abdomen. All had a white exudate 
around the eyes and symptoms of extreme salivation before death, which takes 
place in 1 to 3 hours In tome cases the heart continued beating for several 
minutes after failure of respiration There were no haemorrhagic lesions. 

Guineapigs were also injected intracutaneously to ascertain haemorrhagic 
action of venom. Thirty minutes after injection of 0 5 to 1-0 mg erection 
of hairs is observed, followed by symptoms described above At the site of 
the injection there were signs of vaso-constnction with a 10 mm. area of 
bhnchmg Death occurs m 1$ to 4 hours after progressive prostration and 
asphyxiation 

Parabuthua venom Rabbits (2,000 grammes) — A rabbit injected rntni- 
cutaneoualy in three places in the depilated skin of the abdomen with 4 mg 
2 mg and 1 mg of Parabuthus venom gave similar symptoms The 4 mg 
injection resulted in a \ ery alight haemorrhagic infiltration of 20 mm, diameter 
tvhich enlarged to 30 mm. after 5 hours The 2 mg injection gave a ihght 
haemorrhagic infiltration, while the 1 mg injection showed no visible altera- 
tion in the tissue. The rabbit developed paralysis m the hindquarters after 
° hour* and succumbed m 6 hours with signs of progressive asphyxiation. 

The intravenous injection of 5 mg m a volume of 4 c c. was followed by 
rapidly increasing signs of dyspnoea and gasping The rabbit was moat sensi- 
tive to touch, cringing away This was followed by trembling and uncon- 
trolled rollmg on the floor Death ensued in 5 to 10 minutes with signs of 
•iphynation. At autopsy immediately after failure of respiration the heart 
was found to be still beating There were no apparent lesions of the internal 
organs nor haemorrhage of the muscles 

Parabuthus venom Pigeons (400 to 450 grammes ) — The intravenous 
injection of 0 8 to 15 mg of Parabuthus venom in a volume of 2 c c. resulted 
m the appearance of immediate symptoms of intoxication the birds lying on 
their chests or nde with legs extended under the tail gaspmg sneezing 
c hoking and with the head arched over the back. During the following minutes 
these neuroiuotor symptoms were aggravated respiration became gradually 
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more difficult and the bird died with signs of asphyxiation from 5 to 20 nmdn 
after injection. 

The intravenous injection of sub lethal dc»es, i * 0-5 to 0-7 mg. of ran, 
was followed by immediate paresis, inability to fly and choking After t &t 
hours these symptoms gradually lessened and the bird recovered. Tbemjfctw 
of doses up totM mg did not result in apparent disorders. 

The minimum lethal doses of Parabutkut venom are given in Tabid L 


Tamlt I 


Atutuix. 

Irunrrnom 

Inject**!. 

I ntTMTuncuiar 

Subcutmrou* 

I Jerboa. 

toerjetreW 

lojeOiM. 

M*e 

fM-O-4 to* 

0-S- 0 to* 

0 5-3 -• mx 

OOiiJoc-r 


(WOmn.) 

0 hr) 

(1-3 hr ) 

(3-l»«*) 

Gu»irapic« 

~ 

l-O. -0 mf 
(I 3 hr ) 

1 -0-_-o m* 

(3j-3tO 


RjMwn 

4mi (S mm.) 

— 

— 

— 

Ptfron* 

OH 5 ra* 
(S-» mm.) 

1— “v m* 

(5-10 hr) 




From these experiments it is seen that the symptomology following 
tions of Parolmlkus venom into animals by various roates, is esaentaJo * 
same. ParoktUktu venom contains a ncarotoik substance which cwra J 
specific action on the neuroraotor and respiratory centres. After a p enoA _ 
neuromuscular hyper -excitability paralysis ensues death is due to sspbrn*** 1 
by paralysis of the respirators muscles This action Is very rapid wben tew** 
is introduced mtracerebrtlly or intravenously — delayed and progressive 
injections are made subcutaneously or intracutaneously The tone 
Parobutkus appears to be similar to that of But has oca tonus and B ftroptstnev 

(Phisaux, 1922). 


OpiStkopktk alms VENOM 

Opisthophthalmus ce*o*» Mice — The intravenous injection of 

doses of 2 to 3 mg (1 to 2 telsons) of OputkopklkoJwna venom 
symptoms desen bed above increased rhythm of respiration, gasp* 31 ? 
followed by progressive paralysis and death in 1 to 20 minutes. __ ^ 

Subcutaneous injections from 5 to 17 mg were followed m 2} ho® 
oedemstous swelling at the site of injection, which in the higher dose* 
to the abdomen with evidence of pain squeaking and irritability 
ensued m 24 to 38 hours. 

Intracerebral injections of 0-0002 mg to 0-002 mg gave no *Pr u 
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symptoms Injections of 0*005 to 0 007 mg resulted in immediate convulsions 
but did not cause death. With injections of 0*01 to 0*02 rag the mice rolled 
from ndc to tide, with convulsive movements, death following from 1 to 5 
minutes after injection. 

Oputhophthalmus venom Gmneapigt — Guinea pigs injected subcu- 
taneously with doses from 20 to 80 mg of venom showed a haemorrhagic 
oedema at the site of injection, after 1 hour the intensity of the reaction was 
proportional to the dose. After 16 to 24 hours the subcutaneous tissue of the 
*hdomen was distended by a gelatinous haemorrhagic fluid. This area, which 
ray he as large as 40 mm. in diameter became necrotic and sloughing occurred 
followed later by the formation of a hard deep scab with well delimitated edges. 
In no case was involvement of the peritoneal cavity observed Notwithstanding 
tbe seventy of the lesions the animals recovered 

Guineapigs were injected intramuscularly in the internal portion of the 
thigh with doses of 20 to 80 mg in a volume of 0 5 to 2 c.c. Within 10 minutes 
after injection of 20 rag there was a retraction of the leg injected, which was 
maintained m semi flexion. During the following 30 minutes the limb became 
Rvollen, showing tense haemorrhagic infiltration extending to the subcutaneous 
t»«ue. After 2 to 3 hours the whole leg was distended from the groin to the 
extremity with purple- violet ecchymosis and complete loss of all active move 
rant of the limb In spite of the seventy of the local lesions the animals 
framed in relatively good condition with no apparent dyspnoea or paralysis 
of the limbs not injected. After 24 hours haemorrhagic fluid oozed from several 
places m the distended Umb This was soon followed by sloughing of the whole 
necrotic mat* of muscles and skin, leaving the bone exposed. The animals 
eventually recovered after loss of the leg by spontaneous amputation 

With the injection of higher doses of 40 to 80 mg the haemorrhagic 
I'^Ihng involved the flank and abdomen with extensive oozing After sloughing 
of the leg tissues, the limb remained hanging m a disarticulated position This 

followed in 36 hours by spontaneous amputation accompanied by a very 
offensive smelL The whole picture resembled experimental intoxication by 
S^-gangrene toxins xje B perfnngeru and B hutolytiaa toxins Death ensued 
Within 38 to 48 hours 

At autopsy the whole of the abdominal wall and adjacent thoracic portion 
v?crc uifiltrated with a haemorrhagic gelatinous oedema this was more intense 
ui the groin and in the remaining necrotic upper part of the limb The pen 
toneal cavity was not involved. There were no apparent lesions in the internal 
organs nor any generalized haemorrhagic syndrome. 

Intracutaneous injection in the guineapig resulted in a haemorrhagic 
P^oh of tegument appearing immediately at the site of injection, followed by 
8 k^on differentiated into two zones — a whitish a vascularized centre sur- 
rounded by a haemorrhagic nog (Photograph 2) Opisthophthalmus venom 
orffers mainly from that of Hadogenes in its higher activity 'With a low dose 
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of 2 to 12 toc of Opnthopifthalm us venom the cutancoui le»on a about t*w 
the diameter of the Iction formed when Hadogau J venom a employed Wri 
a higher dote the time result* bold and, in addition necrota start* enter Has 
it doea when Hadogmes \enom of the aame dotage a uted. The k*oa, 
however remain* localized After a large acab ha* formed, beihn| c*n 
leaving a wide, thickened tear with permanent lot* of hair 

Op nth ophthalmia rencm Rabbit — Rabbit* given an intravenous nyr 
tion of 10 mg of O pulko ph tk aJmus venom ihowed aignt of discomfort *f» 
5 minute*, but no further tignt were otaerved Other rabbit* when n$«id 
with 15 and 20 mg ahowed aigna of ataggenng after 1 ramute. Thu m 
followed immediately after by uncontrolled jumping and rolling and the trad 
leg* were paralysed m forced extension. The ammal* died with cgta of ttphjm 
in 2 minute*. 

Oputhopbthalmui entow Patera — Pigeon* were submitted to nm> 

mutcular injection* of Opitthophthabnus venom in the pectoral mutefc 
dote* from 10 to 50 mg in a volume of 1 c,c. A dote of 10 mg did n « predan 
any apparent symptom* except local haemorrhage. The injection of 20 ta 
50 mg v.n followed 2 to 3 hour* later by mco-ordi nation of movement, atafS” 
ing and inabihty to ttand or flj Birds lay on their cheat* with kg* «®d eh** 
in full extention under the taiC and wing* flapping ineffectually bgkT 

dotea such a* 50 mg death occurred in 3 hours occasionally ikbyvd <*** 
wa* observed with the injection of 20 to 30 mg On sectioning *P JIt " ixa 1 
haemorrhagic area in the pectoral muscle*, no internal letloni were found 

Pigeon* injected tubcutnneoutly with doac* of 10 to 00 mg. in the pectooJ 
region thowed within 2 to 3 hour* a haemorrhagic infiltration »t the 
injection with aoroc swelling Although no actual paralysis wa* o^ienta » 
in the case of intramutcular injection, the aame i natality to fly wa* *bc*m 
bird* remained itanding Death wa* observed with the highest do*e*> Ssmis 
symptoms, uting the venom of O capmsu have been described by Eie** 

(J933). 

The minimum lethal do*e* of Opathophthahns venom am g ,,ai 
1 able II 


It a dogma venom. 

Hadogenea ceatai Mtoe — Mice injected intnivenouily with do** 

0*2 to 0-3 mg (1/10 teUon) did not ahow apparent aymptom*- Wtft 
0*4 to 0-6 mg. (1/5 to 1/3 tebon) dyspnoea wa* observed after a few 
followed by sign* of paralysis, with the hind leg* in forced extension. 
occurred within 1 to 15 minute*. At autopsy no leaion* were to be • eeo - 
clotting of the blood wa* normal ^ 

Mice injected aubcutoneously with the surprisingly large ktb»i d* * ** . 
30 to 40 mg showed, dunng the minutes following Injection, an 
rhythm of respiration accompanied by irritability running about, 
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Table II 


1 

Annul*. j 

Intravenous 

Injection 

Intramuscular 

Injection 

Subcutaneous 

Injection. 

Intracerebral 

Injection 

like 

1 Img 
(3~°U mm ) 

10-15 me 
(*4 30 hr ) 

10 15 me 
(24 3fl hr ) 

0-01 me 
(i 10 mm ) 

Gutneepjj’i 

— 

00 mp 
(4ft hr ) 

>80 me 
(104 hr ) 

— 

Rabbin 1 

15-20 mg 
(2 min.) 

— 

— 

— 

Rijeom 

1 

3 me 
(0 min.) 

50 mft 
(3 hr) 

GO me 
(»ihr) 



jumpmg and biting of each other, with obvious severe pain at the site of mjec- 
tiom This first period of 1 to 2 hours of hyper-cxcitabihty was followed by 
trembling and progressive prostration the animal lying on its abdomen or 
with increasing dyspnoea Death occurred 3 to 40 hours after injection. 
Intracerebral injections of 0002 to 002 mg of venom were necessary 
10 produce signs of intoxication such as staggering a hunching up of the body 
*od general paresis After a period of 24 hours immobility the animal gradually 
recovered. With dosea of 0 05 to 0 1 mg the following symptoms appeared 
immediately animal turned from side to side or lay on its back with 
extremities stretched out and head m forced contraction forwards on the chest. 
J-J^mamed immobilized with occasional spells of inco-ordinate movement, 
ycath took place in from 5 minutes to 2 hours Finally with doses of 0 1 mg 
deat k followed within 4 to 8 minutes 

Htdogenes venom Gumeapigs — The subcutaneous injection of guinea 
pigs with the still more surprising lethal doses of 100 to 185 mg gave much 
, >am e picture as that seen in the subcutaneous injection of mice Here, 
j? WCVCr at the site of injection a large saccular oedema containing about 
c.c. of haemorrhagic fluid was formed. In a surviving pig this gradually 
cd and became covered with a hard necrosis Death occurred in about 
& hours. 

The intramuscular injection of 80 mg of venom mto the leg of a guinea 
Pig only caused swelling and redness the pig remaining alrve. 

Uetulcd experiments on the mtra cutaneous action of Hadogenes venom 
^gumeapigs have been done with doses covering the very wide range of 2 to 
t 11 ® White, depilated pigs of 600 grammes were injected with four decreasing 
in the flanks (a maximum of two on each side to avoid overlapping) 
a ha U ^ ectl0n ^ mg was sufficient to produce within the following minutes 
of , Cmorr ^ a B lc patch of 5 mm which was still evident after 24 hours Injections 
8 mg and 12 mg resulted in haemorrhagic reactions of 10 ram 
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15 mm. and 20 ram. respectively On touching them, there war sign rf 
para. There haemorrhagic lesions do not disappear on prolonged promt 
of the finger proving the permanent nature of the lee on. They are foOovd 
by necrotia and scab formation With dose* of 16 to 20 mg the haeroorrhije 
patch of 25 ram. which rapidly followed after the injection of tbe icm, 
aoon differentiated into two aonea — a whitish central arascularaed mat d 
20 mm. diameter surrounded by an external violet haemorrhagic nag rf 
2 to 3 ram. After 24 hour* the central white area became necrotic and liwgW 
off in a mau leaving the normal subcutaneous tissue expored. Rcjuiuioa 
took place from the periphery of the wound by granulation. (See Pb«ogr*pil) 
During tbe whole evolution of the Icaiona the animals remained In good ccofe* 3 - 
The only general symptom observed soon after th6 injection apart from oimcM 
pom was one of nervous excitability 

Hadogenei cnom Rabbtts — The intravenous injection of 25 tag 
Hadognn venom in 8 c c of talme into rabbits did not produce anv tjrputtn, 
symptoms of intoxication Tbe injection of 50 rag resulted in death aid® 
15 minutes There were no visible lesions at autopsy and tbe clottmg of A* 
blood was normal. 

A freshly depilated rabbit was injected intracutaneouily with 4 mg 2 mg- 
and I rag At the sue of the 4 rag injection there appeared witbn the faflovrf* 
minutes an area of marked congestion and hyperrj sen lanzation of 4 0 p*- 
di* meter without haemorrhagic phenomena. After reaching its 
dunng the following 10 minutes it gradually faded away and had prscoaSj 
disappeared in 5 hours The 2 rag and 1 rag injections did not pnxhrft 
appreciable akin reaction 

Hadogenes r morn. Pigtoju — Pigeons were submitted to intraienoc* 
injection* of Htdogtnet venom in doses of 2 mg to 10 mg in a rolinw of 3 ct* 
of saline The average M L D wai found to be 8 mg With sublethal 
of 2 to 4 mg the main symptom was the extension of the legs backward* 
diately after the injection, accompanied by the Inability of the bird to fly 
early symptoms disappeared after a minute or two the bird was able to 
and recovered soon after With lethal doses of 6 to 10 mg the same 
appeared while the injection was still taking place The birds remained 
on their chests or sides with shaking of the head which was sometime* 
backwards gasping trembhng of the whole body and violent 
movements of the wings and body This first phase was followed by 
prostration death supervening m 2 to 10 minutes. At autopsy there were 
external haemorrhages, visible lesions of the orgins, or any lbnomuntT 
blood -dotting 

Pigeons were injected intramuscularly with 40 mg., 60 mg sod £0®®" 
of venom, respectively Only with the highest doses were symptom* 

Here the leg injected was retracted and swollen and there was t *ctmr* 
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«t the site of injection. All the birds survived. It was nfccessary to inject 
I 2d mg to cause death which then took place after 10 minutes 

The minim um lethal doses of Hadogmes venom are given in Table 111 


Table III 

Annn*h. 

Intrmvmou* 

| Injection. 

Intramuscular 

Injection 

Subcutaneous 

Injection 

Intracerebral 

Injcctioo 

Mice 

Giwittpigi 

‘ 0 2-0 0 me 

1 (3-15 mm ) 

30 mg 
(2-> mm ) 

>S0 rag 

30-40 rag 
(6-35 hr ) 

I2u mff 
(22 hr) 

0-05 mgj. 

(j-00 mm.) 

Ribtnti 

Ptfrorw 

50 mg 
(15 mm.) 

1 6-8 mg 

(0-10 mm.) 

125 ma 
(10 mm.) 

123 me- 
(4-12 hr ) 

- 


Haemolytic Action of Scorpion Venoms on Erythrocytes in vitro 
tests with sheep erythrocytes. 

In a fint experiment, decreasing amounts of \enom from 20 mg to 
1/100 mg per c.c. in a volume of 1 c c. were added to a 2 per cent suspension 
of washed sheep erythrocytes The final concentration of sheep red cells was 
dies 1 per cent. The mixtures were placed in the incubator at Si O lor 
1 hour after which they w e r e read with the naked eye 

For Parabuthus venom slight haemolysis (about 3 per cent.) was 
m the tube containing onl} the highest dose of s enom. For Optst °P *** 
venom 5 to 8 per cent, haemolysis was observed— again only m the tube con 
lining 20 mg venom. No haemolysis was present m any mixture containing 
Kadogen& venom. In a second test with 0 1 per cent, concentration of sheep 
cells, 20 mg of Parabuthus venom had no haemolytic effect, while the same 
•mount 0 f Opisthophthabnus venom caused complete ( + + +) haemolysis 
fixe same large dose of Hadogenes venom caused only a trace of haemolysis. 


comparative tests with sheep and otjineapig erythrocytes 
In the following comparative experiments with sheep and gumeapig red 
venom solutions over a range of 40 mg to 1 mg per c.c we refused 
Heading* were taken after 1 hour incubation at 37° C Owing to the insufficient 
quantity of Parabuthus venom available comparative tests with this venom 
c°uld not be undertaken however experiments performed with it demonstrated 
°% a slight haemolytic action. 
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+ + 

+ 

■*" m* 

+ + 

± 

+ + 

+ 

in m* 

+ 

+ + 

+ + + 


• me 

± 

+ 

+ + + 


”"™ 1 

0 

0 

0 



The experiment wu repeated with guinea pip red ceDs, using two® ^ 
Uoru in dilutions of 2(1 mg to 0-01 rag per c.c. to determine the end p® 11 
haemolytic action 


Ccmebutoms ^ 

From these experiments it appears that a haemolytic action is 
the three venoms under test only when used in relatively high 
All conditions Iteing equal the tests show the greater sensitivity of 
erythrocytes to haemolysis, os compared with sheep red cells. It I* ^ ^ 
marked on 0-2 per cent, cell suspensions than in the case of the 1 f** 


sirs pens tons. 

These fiodingi confirm those of EltDDs (1933) working on 
eaptnas who also found that guineapig cells were the most sensitive. ^ ^ 

haemolytic action has been observed by Kubota (1918) with the 
the Manchurian scorpion Buthus mannas and the venom of the ^ ^ 


Centrum* rxltcanda (1918a) In contrast no haemolytic action 
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Amount 

of 

'iltwi 

lladopmrt \ cnotn. 

OpitthcphXkatMMS A enom. 

1 

Gomcspic Cell 
Sujperaioa. 

o :* 

Guroespig Cell 
btnpeniwn 

I 

Gtmwapu; Cefl 

.Su'pofUKm. 

02 . 

Gupvspff: OH 
boiperawn 

20 pi*. 

+ + 

+ 

+ + 

+ 

30 mg 

+ + 

+ + 

+ + + 

+ + 

0 mg. 

+++ 

+ + 

+ + + 

+ + 

1 

+ + + 

+ + + 

+ + + 

+ + + 

0 5 mg 

± 

+ + + 

u 

± 

0 - mg 

0 

o 

0 

I) 

0-1 me 

0 

ii 

o 

0 

•Mil mj 

0 

n 

n 

<1 

control 

0 

'* 

0 

u 


°h»crved bj Hodssay (1919) on the \cnorn of the African Buthus qusaqupstnaius 
(w quoted b) M Pwsaux 1922) even after the addition of lecithin Similar 
negative results have been reported b> T odd (1909) with pooled Egyptian 
•corpion \enom (apparently Buthus and Pnonurvs) 

EFFECT OF HEAT 0V OpiSthophthdlmUS AND Hado^tntS VENOM 
Optsthophtkabnsss venom 

An experiment was earned out to ascertain the effect of heat on a sample 
of venom, Fractions of a 10 mg per c.c solution of the venom were heated 
to a water bath to (a) 70° C for 30 minutes (£) boiling point, which u 93° C 
at 6000 feet altitude, for 30 minutes (c) boding point for 90 minutes 

Mice were injected intravenously with 0 3 mg of each of these fractions 
(This was the average M L D of this batch of venom, the mice dying l to 4 
minutes after injection.) Heating the venom to 70’ C delayed the average 
tune of death to 8 minutes after injection hating the venom to boiling point 
for 30 minutes delayed death for 10 minutes and heating the venom at boding 
pomt for 90 minutes delajed the average time of death for 13 minutes after 
injection. 

I ntra cutaneous injections of 5 mg of those venom fractions into guinea pigs 
produced oedematous, haemorrhagic local reactions of 20 mra. diameter which 
reached their maximum intensity m 48 hours These later altered to dry 
necroUcscabj There was no difference in the intemitj or in the final effect 
»«n between the unhated and bated fractions of the venom. 
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A armiiar experiment was auncd out on another sample of venom. Frac 
non* of a 40 mg per c.c. solution of the venom were heated to 50 CL, ffPG 
and 70" C for 15 minute* each another fraction to SO* C. for 30 m»au. 
An unheated fraction wa* used a* a control Of each of tbe*c fractma, tfate 
dose*, corresponding to 4 mg., 12 rag and 20 mg of venom, were uyeefci 
intracutancouily into depilated guinea pigs, The injection of 4 rag. of 
\ enom \va» followed 4 hours htcr by a haemorrhagic patch 10 ram. fa daectr. 
The haemorrhagic area* resulting from the injection of 12 rag and 20 mfcflf 
venom, were respectively 30 mm. and 40 mm. in diameter Although ds* 
injection* were done on the tame annual at a dutancc of 4 to 6 cm. apart, n 
ex ten live oedema enveloping the whole of the abdomen was earned. Inject*** 
of rirmlar dote* of the fraction* of venom heated to 50° C. 60* C, 70 CL ud 
80° C produced reaction* of 10 ram. 20 mm. and 20 mm. diameter 
withstanding the comparatively * mailer reaction*, they were rtjD definitely d 
a haemorrhagic nature No appreciable difference in the ratnuity ef ti* 
reaction* could be observed in the four heated fraction*. The oedema cjcwJ 
by the injection* of the heated venoms \va» also comparable though dm ** 
leas than that caused by the unhated venom. 

The*e experiment* tend to *how the limited destructive action of kat 
on the toxic and haemorrhagic principle* of OptsthopkOubm venom. E*®* 
(1933) found that the venom of O capensu Joses jt* toxicity on prolonged bfltiac 
to 100° C. but docs not **y to what extent th:* occur*. 

Haioftna venom. 

Expenment* to ascertain the effect of heat on JltJogeMS \axm 
also earned out Fraction* of a 10 rag per c.c. aolution of venom were 
to (a) 70° C. for JO mmute* (6) boiling point for 30 minute* and (f) 
pomt for 90 minute*. Amount* of 0 2 mg 0 3 mg., 0 5 mg and 1 
injected intravenousl) into mice. Similar amount* of unheated *ca£*n 
injected into mice to act a* control*. The result* are set out m TahV ^ 

Gumeapig* were injected intracutaneoualy with 5 mg of cadi i 
unbea ted and hated fraction* of venom. An early oedematou* reaction, 
by a haemorrhagic and necrotic lesion, w*s caused at the «te of 
Thr* was of an equal degree of intensity in all four pig*- Another 
venom wa* dissolved in saline to obtain a 40 mg per cx. solution. In j 
fraction* of the soluUon were heated to 50° C., 70° C. and boding 
hour respectively Three doses, corresponding to 4 mg., 12 mg ,Dt! g 
were injected intracutaneou»ly into depilated guinea pig*- Similar 
unheated venom w er e u*ed as controls. The results are *et out in TaU*. 

Forty-eight hour* after the injection the haemorrhagic reaction* 
above were transformed in all case* into necrotic lesion*. jictt 

later by granulauon from the *ide* The pig* were not affect™. 
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Taulc VII 


Amount of 

\ room. 

Un heated 
\ «om. 

Venom 
heated to 

7t>° a 
for 30 mm 

Venom 
heated to 

03 C. (ILP ) 
for JO mm 

Venom 
heated to 

or C. (B.P ) 
for DO men. 

0 1 mg. 

Survhed 

Survived 

Survived 

Survived 


Survi\ed 

Survived 

Survived 

Survived 

0-5 mg 

Died — 6 mm 

Survived 

Died — 8 rrun 

Survived 


Died — 18 min 

Survived 

Died — 13 mm 

Died — 0 mm 

0*7 mg 

Died — 3 min. 

Died — 2 min 

Died — 2 mm. 

Died — 8 mm 


Died — 3 mm. 

Died — 15 mm 

Died — 5 min. 

Died — 15 mm 

1*0 mg. 

Died — 1 mm 

Died — 1 min 

Died — 6 mm. 

Died — I min 


Died — 1 mm. 

Died — 8 mm. 

Died — 5 mm 

Died — 3 mm. 


Table VIII 


1 1 ad of mn 

Amount of 

— 

Haemorrhagic 

Intemrty of 

Venom. 

Venom Injected 

Reaction 

Reaction 


me 

mm. 


Unheated venom 

4 

5 

+ + 


12 

10 

+ + + 


20 

15 

+ + + + 

Heated to 00* C— I hr 

4 

3 

+ 


12 

10 

+ + 


*° 

18 

+ + + 

Heated to 70* C —1 hr 

4 

2 5 

+ 


1- 

7 

+ + 


20 

10 

+ + + 

Heated to 03 C — 1 hr 

4 

2 8 

+ 


12 

8 

+ ± 


•*0 

7 8 

+ + 


^penments again show the limited action of heat on the tone and haemorrhagic 
principles of Hadogenex venom. 


PROTEOLYTIC ACTION OF SCORPION VENOMS ON GELATIN tn Vitro 
To determine the proteolytic action of scorpion venom we used the same 
hnique as m our studies on snake venoms (Grasset and Schaafsma, 1940) 
0 8 «enes of tubes containing 0 3 c.c. of 20 per cent, gelatin in physiological 
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saline (kepi in water bath at 40 C.) decreasing iraounti of a 40 mg per cc. 
venom solution were added, 30 mg to 0 1 mg The volaroc in ill tuba 
was brought up to 1 cc. by the addition of taline The final concentntioo d 
gehtm was, therefore 6 per cent which waa found *ufficfent for the camd 
tubes to solidify at 6° C after 30 minute* After addition of the rrooa Mo- 
tion* the mixture* were kept at 37° C for 5 hour* and then placed m tic 
refngerator at 6 C to allow the gelatin to solidify Readings of the tries 
were taken after 3*1 minutes and again after 12 hour*. In *D case* aanpft 
hemive pooled mixture* of venom w e re uted. The result* obtained are pus 
in Table L\ 


Ta*x IX. 


Amount of 

\ mom 

A cnom 

OpakUfUk^hm 

\ enrym 

\ mm- 

*> mi 

Laqurfactaon + + + 

No I ajarf action 

Ujurfjrti* 

“i 01* 

I + + 

No foltmini 

N toiif** 

lo mu 

L*qU fjKOon + 


• 

3 mi 

Sofimin* 

0 


m* 

< 

n 


) me 

• 



1 a m* 

« 



0 1 me. 

< 



comro* 

" 

0 



Repeated experiment* earned out with other mixture* of venom* ^ 
rmiLir result* Thu* only Parabathu venom wa» found to evert ■ 001 ®“ 
proteolytic action on gelatin and that only when u*ed in rdatndy h'Sk®®^ 
centration*. Thts 11 in contrail to the finding* of IIouwtY (191*1). 
PmiAUx (1922) who found that the glandular extract* of Bxtkxs fpP- 
no enzymic action on gelatin starch and casein. 


1 1WUXO LOGICAL INVESTIGATIONS 


neutralization or »corkon venom by polttallnt 
Ama flat * Bitu ancient anti VLN EXE. 

With a view to ascertaining the possible neutralisation of SouthAl^'^ 
scorpion venom by snake antivenene test* were earned out with the 1**^^ 
antrvenene prepared at this Institute One c-C. of this concentrated a n j 
neutraHre* other 1 mg of the venom of N Jlrza or 10 mg of the 


B arietaas 
In a first 
venom was 


■t experiment, *>1 mg. (1 M L.D ) of a pooled rmxturr 0 / 
mixed with 0 4 c.c. of antivenene After 1 hour contact 
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white mice of 20 grammes were injected intravenously with the mixtures 
, Fire out of the six mice injected died within 6 to 20 mmutes Of six control 
mice injected with 0 1 mg (1 M L D ) of venom alone four died within 5 
j mmotes. 

Experiments earned out with Opisthophthalmus and Hadogenes venom gave 
, oraihr results. No protection thus appeared to be exerted by this polwalcnt 
t sntrvenene. 

Anticobra scrum was also found to have no protective action against the 
l venoms of Helerometrus maurus (Nicole and Catouillard 1905) Buthus 
\ ‘PBnquatnatus or Tttyus hahiensis (Houssay 1919) The same absence of 
gnmp neutralization has been observed when using antilachesis and anticrotahc 
serum. 

Although clinical data of persons stung by South African scorpions and 
treated by injection of our polyvalent N flora B an elans antivenene tended 
to show that the pain symptoms were minimized, there were no active proofs 
of venom neutralization. In view of these facts it was decided to undertake the 
preparation of a specific anti-scorpion serum from the venom of the scorpion 
*peaes available. 


Preparation of Specific Anti Scorpion Serum 

Anti-scorpion sera have been prepared in several countne* where the incidence and 
VX™? ^ •corpxm stings warranted the preparation of a specific antidote In Egypt, 
«n anti scorpion serum active against Butkui qmnquatnatus and Pnatcmii was prepared 
oj I odd (1909) and recently perfected by Mohammed (1942) A simitar type of tbeia- 
aemm against the venom of B qumqutrtruitns has alio been manufactured by the 
hnrtitijte (from dry telsons sent from Egy p t to England) and also by Sfiumv (1939) 
m ralettme. In Algiers, Sehgznt (1936) prepared an anti-acorpion aerum against the 
^ nomirui amtralu the moat tone apecte* m Northern Africa. Thu anti -aerum 
alao active against the venom* of P nam t rus lumcUUn and Buifaa ocatans In Brazil, 
■t rtf T S* r ' tiaD B P°*y T » 1 “ t antj-tcorpion aerum ha* been evolved by \ rTAL Brazil 
me Butantan Institute and at the Exequiel Eha* Institute by Macau iao against species 
0 South American acorpions (Tityus bahunxu and T xt mil a tv i) 


DETOXICATION OF SCORPION VENOM. 

Considering the satisfactory results obtained m the preparation of various 
sntiTenene* by the use of formolized venoms or anavenoms (G&AS3ET 
Zoutendyk, 1932 and 33) attempts were made to apply similar methods to 
the preparation of art ti -scorpion serum. As m the case of snake venoms the 
•corpion venom concentration used for detoxication was 10 mg per c.c. The 
yttld of venom from 378 scorpions of the genus O pistkophihalnus ic., 673 mg., 
dissolved m 67 3 cal of saline After sedimentation of the organic debris 
solution was slightly centrifuged. The supernatant fluid had a white 
jrg a ppea ranee and the pH which was determined electrometncally was 
~~ Determination of the toxicity of a sample of this venom solution showed 
* LL D of 3 mg by the intravenous route for mice. (Heath m 5 to 20 
m mutcs ) 
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Thi* 10 mg. per c-c. solution wav split into two fneuema — one hd 0-5 
per cent and the other 0-8 per cent of 40 per cent formed added. The tro 
fractions were incubated at 37° C After a period of 15 dips incuhatrao tie 
tiro formobzed venoms were tested. A» preliminary teats by means of mto- 
venous injcctKms given to mice tended to show that the residual formed ra 
lethal for these animals, the two products were dnllrcd for 24 boors. Tk 
intrarenouj injection of 5 to 8 mg of the drained, detoxicated venoms, repre- 
senting two to three lethal doses of the original venom, was not followed by aj 
apparent symptoms of ton city A similar method of detonation was taed far 
Hadogtna and Pcrabutha venoms The resulting detonated snugem were 
used for the immunization of a horse. 


lmwrumzattcm cj e hors* tnih detosjcated end unaltered scarfeou nm 
Horse 394 was submitted to the following senes of subcutaneous iDjrttwd 
of defoliated scorpion venoms at 3- to 5-day intervals. The first doses of 19 ray. 
and 20 mg of fonnolaed Optsikopktkalutus venom were progressively locrasci 
to 100 rag Then Hedoftues detonated venom was substituted in doses d 
2d mg to 200 mg The ltninu mutton was then continued with Pur^atbs 
venom. At the end of 3 months the horse had received an amount of 2210 mf 
of detonated scorpion venom comprising respectively 1,235 mg Hadefnf, 
195 mg Oprsikophthalmui snd 630 mg. ParmbutJau venom. The tmminu»t*» 
was completed with injections of unaltered HmJognes venom up to a teal d 
872 mg spread over four injections. The total amount of scorptoo \toom 
injected during the course of immunization from 8.3 41 to 29J541 war 
under 3 grammes. No undue reactions were observed subsequent to the 
injection of detonated and unaltered venoms Owing to the bci of to***’ 
the immumxauon could not be continued. The horse was bled 9 dan after 
the Uat injection. 


Antra// cotton tests talk mss* sired korst serum. 

Consul enng the fscl that im n umu tjor was to the ^ Te ster part car ried 

o tbs uuji an ths setiTjtx of serum desh maJrdv web tha t ’ cu j :il ~ a ' TT _«n 
re used as ejpertfaeotaJ smmsJs. In all rfissr sssarm, • cor P~__ f 
ssd wHhm ths boors fotkrs-m* prrpsrrtmn, a* ft has beaneor 
that, for Hm d agr m ts \ mom, the txndatj of the original renocn drops vary ^ 
dissrkitvai For eweb npennunr tbs lethal doss by intrsvnxxr* fa 

w nyhrrn 350 pcmtci wm determined before ths nrurraUssuori teaawiu- - ^ ^ 
One cx. of serum from Hors* 394 was then mured with jncrraimj tmdnp*c*J “ , ^ 
MhD of Hadmms room for i ntra ve n ous tn>ect»eo uni the pejetai. 
resufta of the tests are (nven m the foOowm* tabic * — 

One C-c. of scrti-scorpscn serum therefore prot e c ts d **»m*t 24 rag react* 
lethal doses for the p^eoo) Srtrclar neutrshxstkm tests with ths ksaa cn e ***** 
Horss 394 carried oat with tsn pooled samples of Hmdogtua i man cW r t |^j 7 w 
snaloroui resolo 1 C-C of imrnuns ser u m we* again found to b* nrutraGr* 1 ii b ° j j . 
3 MLD of Ha dogma rencan tn the ptgecn. A total of twelve pi*e«i* sa* 
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Table M. 


\oL 

Horse SOI. 

Amount Venom 
m mg used in 
Test. 

: Corresponding Number 
of Intravenous 

I Pigeon. M.L.D 

Results 

lex. 

8 

1 

\o symptoms survived 

Ice. 

10 

_ 

III, but survived 

lex. 

•4 

3 

Survived 

lex. 

32 

4 

Death after 3 mui. 

Control 

8 

1 

Death m 15 mm. 


» 

i 

Death m 5 mm. 


per test. As in die cne of titration on pigeon*, neutralization teats on mice vrere 
preceded by the determination of the MXX) of Hadcgtna venom by subcutaneous 
mjectxn into white mice weighing 20 g r amm e*. F.ramp lcs of such a titration are given in 


Table MI. 


VoL of 
Serum 
Horse 304 

Amount \ enom Corresponding Number 

in mg used in of Subcutaneous 

Test. Mice M.LJD 

Results. 

1 ex. 

1 ex. 
lex. 
Control 

15 l 

70 2 

105 * 

35 1 

35 1 

1 

No symptoms mmvrd 
Death m 50 hr 

Death m 13 hr 

Death m 7 hr 

Death m 8 hr 



* nvxrrT ^ of these antigens used during horse immunisation. 


Intracutaneous tests in the neutralization of scorpion venom by specific 
antreenene m the gumeaptg 

dwwn in previous chapters, the Ultra cutartecRU injection of Oputhopklitabmu and 
VCT10 m hi the gumesrpig resulted in the rapid formation of local haemorrhagic 
P * lorLa ~ ^ The following experiments were done with a view to ascertaining whether the 
n * QnOTT u*0lo action of these venoms would eventually be modified by anti -scorpion 
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town oeutnJ batten. Depilated puinraptff* were injected intracutaneouriy rapwtndy 
with ' — 

1 8 mp of Iltniogtna rmotn m « volume of 0-5 ex- 

2, 8 rag of the trne venom prerkxnJy put fn contact with 0-2 cx. anii-accrpww 
mom foe 1 hour thw proportion «n found, by lubcutaneoo* rrat* in mice, to com 
*pood approranateiy to the neutrahxation point. 

Where** marked haemorrhagic reaction* were observed at Lb* utn of fajeett* * 
the control animal*. reaction* of a different character were abown in the ftaneapip *bm 
injected w rth the time done of venom pi in specific aenim. For the cfoe* of 8 mz of rrno« 
alone, the haemorrhagic patch of 20 mm. diameter aoon obaerved at tbe n’t* of fefeetioa, 
vu followed by the formation of a central CvxJ, necrotic zone which became later ■ he* 
•cab, with permanent low of hair In the c«e of the venom — ant hacoepioa aerum rtftr-at, 
th* local Inflammatory rewetkn obaerved aoon at the arte of the mjecrioo dad Drt deteb* 
into a necroaia. It remained more ruperficial a* evidenced by the perratenl HT*** 
of tbr akin and the growth of depilated hairi after 4 daya — a tifn of the ntaitfy cf th* 
deeper layer* of the tegument*. 

Tlie aame technique when folknred in tha neutral ixatxsn of Ofhdiop kiiutmm tenon 
produced aimflar result*. Tbe above diffe re nce* in the reaction* produced fro m tha aat 
of Ttnom alooe and the uae of \enom anh-acorplon aerum nurture*, were tbo ohaemd 
here The rerulta of theae tart* tend to ihow a definite tub- total neutraBntlofl of tk 
haemorrhagic principle* of theae two venom* by tpedfic amtf-acorpiori arntm. 


P*OTEcno.s ArrosDED bt I Ietdiolocods Aim Scortiov Sou a a. wot 
Hgdogmn and Pgrabulkus Venoxu. 

Litter Institute anti teoepton serum ( MjPJJ ), 

Two 1 c.c. ampoule* of thi* concentrated aerum (Batch No 83 due 
preparation, June, 1939 ditc of crptry June 1943) were obtained throng* 
the court ray of Dr N Ko\ AC* of the Serum Inatitutc, Cairo One cx. w* 
atated to be sufficient to neutralize one ating (specie* not specified but prcrumiWr 
IJuthut) 0 5 c.c. of this aerum waa mixed with 12 mg of Hadopnet m»® 
(1 5 M L.D for pigeon rntravenoujly). Soon after tbe mjechoo, the pJI«° 
■howed severe symptoms of intoxication which la* ted for several hoar*, bet 
gradually recovered. 

0 5 c.c. of the aame aerum waa mixed re*pectlvely with 1 and 4 M-hJ? 
of ParebrntJuis venom for mice intravenoualy Tbe rootrae injected with 
mixture con taming 1 MX D » arrived, while the one injected with the 4 &LWJ- 
mixture died in 15 minute*. , 

Although these trata could not be repeated, due to the limited 
aerum, they tend to ahow only a limited heterologous neutralization age® 11 
the two venom* used in theae teat*. 

Institute Ezequtel Dias (BraaT) astts-tcorpton serum. 

One c-c. of this aeram (received March, 1941 date of expiry 
atated to neutralize I 5 lethal doara of Tttyus acorpion venom for th c 
(ermondongo). Neutraltzatxm te*t* on truce using 0 5 c.c. of thi* 
with 0 2 mg ParahtOius venom (1 M L.D ) were followed by aurriv*! ^ 
pmmah. Mixture* containing 0 5 c.c. aerum with 2 and 3 MXJ) rt* 
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venom failed to protect the mice Similar testa were done on pigeons injected 
intravenously One c c. of the acrum mixed with 2 M L D (16 mg) caused 
the death of these birds in 3 minutes It does not appear therefore, that anti- 
Tityus scorpion serum confer* any appreciable protection against Par abut has 
venom 

Atm Scorpion Serum in the Treatment of Scorpion Sting 

Scorpion stings in South Africa although usually very painful and 
responsible in some cases for severe symptoms of intoxication are seldom fatal 
even among children whose symptoms are more severe. The fact that no statis- 
tical data dealing with scorpion stings or fatalities have been made tl^e subject 
of special records by the Union Public Health Department, nor by the military 
suthonties, speaks for the relative benignity of scorpiomsm in this country, 
ts compared with the high death rate reported b) Todd (1909) m Egypt. The 
mortality from scorpion stings m eight great Egyptian towns for the penod 
1901 to 1907, before the use of anti scorpion serum, ranged annually from 
fr036 (in Cairo) to 0-64 per 1 000 (in Assouan) This represents 1 6 per cent 
of the total death rate in the latter town. Death occurred almost entirely 
smong children. In northern French African territories the seventy of 
*corpion stings inflicted by Pnorturus australis appears from data given by 
8ercent (1940) to be equally grave. 

In the absence of any official data for South Africa we have tried to obtain 
personal information from district surgeons m areas where scorpion stings 
*re particularly frequent. From information kindly supplied by Dr Louw, 
Brsndvlei dutnet. Cape Province we learnt that many cases had been severelj 
Bl m this region and some, mostly children, had died. The genus of scorpion 
found here is usually Parabuihus The mam symptom was on immediate and 
Intern* burning pirn in the area of the strng If the sting occurred on the leg 
the pain sometimes extended up to the groin. In 1 or 2 days this was followed 
hy stiffness of the lower limb* and joints and the patient found great difficulty 
m wslkmg In some cases the stiffness was generalized and affected the entire 
body for a few days These symptoms were accompanied, m some cases by 
pins and needles in the hands and feet and a p ticking sensation in the face, 
other cases there was rapid and feeble heart action, while some pa dents 
complained of a severe headache pnd difficulty in talking In adults this pares 
mesia and stiffness gradually passed off m the course of a few days Usually 
?° outward signs could be found, except some oedema at the site of the sting 
unikr symptoms have been described in case records sent by district surgeons 
other areas. 

The following case record supplied by Dr Holtzhausen dutnet surgeon, 
olsdder, Bechuanaland border of the Cape Province, gives an idea of the 
Edition observed in some patients. 
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Caus 

A Native mine wor ke r of Cxbooo Mine* to itunfl br ■ s corpion on both k*i ■ 
mght durmg sleep. The mm* official to caBed only on the following afternoon. Tte 
patient > condrtkm reserDbkd chronic rheumatism- Hi* ima and ley* wer* dn*i «j 
In flexion. Hi* Ginb* were stiff and rrw»cle* hard He could not uS_ In doperem 
the min* official injected some anah* antfreoeoe The mun slowly rearmed tod J 
dir* after could walk *krwly The scorpion which atung the Nairn* aru »enl to a* by Ik. 
HoLTTmuHK for identification and proved to bo a large Pwrabttlkta /raxWafwi. ^ 

In children th* aymptom* art URnJIy severe and may erentuallT re*uh m doth rd* 
a few hour* a* exemplified m the foDowtng caae reported by D*. Lo vw Boy rf 7 um, 
era* rtimg under the boOow of the left foot it 7 pm. Severe p*m up the h* tod fa tbi 
epigastrium reaultetj Shortly iftcrwardi ha beaun* powrrle** and Itter panfried , Hi 
could not vomit even »hrn emetic* mere g iv en. H# died lit 1 un. the faGowreg mjw 
presumably from re*p<r*tory panlyTi*. 

On the whole these aymptom* resemble thoae following atmg* by Bftki 
and Pnonrus fli reported by Todd (1909) PinJALU (1922) and Socct 
( 1939) from North Africa 

Critical condition* have been observed m acme cue* winch were itnnj 
by Haio^mez ta illiatrated below in the case of a child treated with eb- 
acorpion aerum. 

Symptom* following atings by 0 cape it m referred to by Emdin (1®? 
are usually not levcre — local swelling redness and pant* from 1 to 3 dre* 
other aymptom* are free perspiration, UiJitude and sometime* loa* of 
Fatalities are rare even m children. 


Treatment or Scoreion Sting Ca*c« with South Aral can 
Anti-Scoreion Sebum. 


The anti *corpion aerum prepared, u described above, at tin* ^ iatl , t ^ 
wm* supplied to medical practitioners and district aurgeons in the are** 
scorpion* were reported ** frequent or dangerous- Chmcal record* *® 
received, on the effect* of thu serum, although they report favourably « 
treatment, are atill too limited to have any autrttic*! significance. 

It i* more difficult to mterpret the influence of the aerum on adoh 
than on children owing to the milder aymptom* exhibited by adult*. > 
administered soon after the sting, the aerum t» reported to rmnimire 
considerably and to reduce or inhibit the development of general *J irt f~"~ 
This l* exemplified in the following case rectyd supplied by Dr IIotTZH' 
Kakamas, C.P — 


Patient s European male, aged 40 years, was Run* on the hand b y 1 
OpistMphi M mtu . Patient a condition w»a abocked. Th* aite o( the atgC ' ** *, ^ tfa 
intensely Ten mnute* later 10 cx. of and-scoipioo serum were sdm«Wew° 
upp er arm and the patient wm krpt w.eD under observation. On* ho ur f »*w. em} 
burning nanafaied at th* aft* of th* sting and no other symptoms developed. 

Records of cases occurring in children report that the serum had * defiu 1 ® 
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therapeutic action. The following case was supplied by Dr Bo VET Johan- 
nesburg — 

European child, 12 year* old ruing at 6.30 p.m- on 1 5th March, 1943 by a scorpion 
2 mefaa long (apparently Qpisthophtkabma) on the lateral ride of the right knee. The 
bammg pun at the »rte of the puncture was accompanied by moderate oedema and 
redoett. Next morning there was « tight dreamer* with local, burning pain on the leg 
*hght oedema, but no necrora The child went to reboot- At 9 JO *.m., during a learon, 
the child fainted rnd was earned out of dart. During the following hour be went into 
one faint after another not totally unconscious, however but could not articulate syllable* 
•dtboogh he tried to pronounce words. He complained of diffuse abdominal pain. Stiff- 
nets waa noticed m the bands and fingers. The first clmtca] examination of the patient 
by Eh Bovet at 1 1 ajn. found the patient m a collapsed condition but not completely 
uncon^aous, with dysarthria, no excess salivation, pause normal at 96 heart and lungs 
normal, respiration regular He continued to fall mto one faint after another Answers 
were given with difficulty and in monosyilablea, hi* ideas were confused bur his rrflexe* 
coctoued normal. At 1 45 pjn. intramuscular abjection of 10 c,c. of antj-scorpton aerum 
was given. At 3 pun. tJ n 1 1 hours later the child became more rational and was able 
to talk although ha ideas were at 31 confused. At 6 pm. the patient aeemed quite normal 
and awake, a peaking without any difficulty He had no recollection of bong earned out 
school or of subsequent happenings. The following day the child was normal and 
ha rnctfrery was uneventful. 

Conclusions and Summary 

The mam toxic and biological charsctcnstics of the venom of the most 
common genera of South African scorpions have been investigated i.t , 
Hadozentz Opisthophthalmus and Parabuthus 

The average yield of dry venom obtained per specimen was 0-0027 gramme 
from 9 603 specimens of Hadogents 0-0014 gramme from 5,9S5 specimens of 
Optst hop h thalmus and 00048 gramme from 338 specimens of Parabuthus 

Experimental intoxication with the venom of these three genera was 
ttnthed on mice, guineapigs pigeons and rabbits The MLD of the respective 
venoms for these animals have been determined by intravenous intramuscular 
•abcutaneouj mtradermal and intracerebral routes The injection of Para - 
bdJtuj venom by these various routes to the animals resulted in neuromotor 
*y®ptoms dyspnoea and paralysis ending in asphyxiation. Similar neuro- 
motor ■ymptoms followed the intravenous injections of Hadogenes and 
OptstJiophihalmuz venom, but higher doses were necessary to loll the animals 
The MLD of Parabuthus venom by intravenous injection for the pigeon 
u 0 8 to 15 mg f or uucc 0 1 to 0 4 mg and for the rabbit, 5 mg The 
intravenous MX D of Hadogencs venom for the pigeon is 6 to 8 mg for mice, 
0 2 to 0-6 mg and for the rabbit, 50 mg The intravenous MX.D of Opts- 
tnophthalmus venom for the pigeon is 3 to 5 mg for mice 1 to 3 mg and for 
xi * ^bbit, 15 to 20 mg 

The subcutaneous injection of the venoms required considerably higher 
(four to six times higher or more) to produce death- The animals all 
h °Tved progressive paralysis and prostration ending m asphyxiation after 
* <vcr *l hours 
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The intramu»cu!ar Junction of doia of llsdojmts or Optstkapitidm 
venom faulted in Interne haemorrhagic infiltration followed by iloujfrog of 
the necrotic mutcular raai and eventual apontaneoiH amputmoo of the fcj 
which v.tj injected. 

The intncuUoeom injection of the v en o m* of HmJagtVJ and Opc&tfi- 
ikohna into the guincxpjg in do*e* of 4 mg wa* luffiaent to produce npd 
haemorrhagic reaction* followed by local necroii# and the formation of bird 
•cab*. 

Intracerebral injection* of the venom* required do*e* 25 to 100 tnno 
lower than thoie injected intravenouafy to kill mice 

MXJD of Parabmtkus for mice u 0-001 to 0-002 mg of Oputkopkitbaa 
0-01 mg and of Htdogttui 0-05 mg 

The fact* observed point to two main tone principle* In the* venom* — 
(a) hnrotoxui chiefly developed m PtrabvtAus venom and the can* °f 
the rervou* and paralytic aymptomi obierred in amall animal*. It *ppan 
to be mainly roaponaiblc for the fata! ca*e* of *corpioo «ong in man. 

(B) litrmvrrhazix reaporuible for the local haemorrhagic, necrotic k*® 3 
observed at the «tc of injection. Thu wa* confirmed huft lojicaDy 

If the relative total toxicity of the three venom* «tud td it npttsjcd » 
term* of milligramme* ncc«Mry to produce death by ratraranous injection a 
mice of 20 gramme*, then Parabaiha venom a trro time* more actne tlu* 
}JaAogt*n venom and ten Ume* more active than Optsikopktialm$a ran otn. 

A haemolytic action wzi exerted fa vitro by the three raoonu m 
high concentration* in wwhed erythrocyte*. Thu wa* more marled 
OpvthopMitlmts and H atitgrn t i venom* than with Ptrabttkut. Guineapf 
cell* appeared more *en*mve than aheep cell* to haemolyuo- ho ooaytf* 1 
action wa* ohaervrd with theae three venom* on Horae blood t* vitro, htft® 
antwmgulant action was obaerred with high concentration* of 
venom. Partin (kta venom wa* found to hare a proteolytic actwn on 
a vitro, only when relatively high concentration* of venom were 
(1 hour at 93* C ) exerted but a limited deatructive action oo the h aaDoamJ* 
principle* of the >enom* 

No heterologous neutralization of theae venom* wa* observed 
valent *nt>~A r <n* fitret Bitu tnetaxs aerum. A limited beterologou* 
ticm wa* found to be exerted by the Egyptian (Bw thus) and the South 
(Tttyta) antt-acnrpicn tcrum*. 

Immunization of the horae with a view to preparing a apeafic ma~*x*rT 
*erum wa* atarted with formohied, detoxicated *eorpion venom*. 
with unaltered venom* One cc. of the *erum *o obtained neutraErad » 

3 M.L.D of Heioftna venom intrarenoualy injected into the pigeon- 

Prehminary result* from the u*e of tfu* anti *eorpion *erum fa ^ 
roent of ca*ea in South Africa although of no »ta±i*hcai value, indicate 
tpecific rarum b** a definite therapeutic value 
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THE CONTROL OF LEPROSY AMONG THE AZANDE, 
ANGLO-EGYPTIAN SUDAN 
nr 

] F E. BLOS3* 

Stmor Mfdical Jmptctor Sudan Medkxd Srrac* 


Introduction and Historical Survey 
The high incidence of leprosy among the Axande in the Southern Sudan 
ba* been recorded by other observers (CruicKshank, 1932 Atkey, 1934, 
1935 , and Woodman 1937). The Li Rangu leprosarium was started in 1929 
by Dr Cruickbhank and since then has become the largest and most important 
‘SEtne of leprosy treatment m the country 

The purpose of thi* paper is to trace the various changes of policy m 
regard to the disease as it affects this area and to estimate their effect on the 
( b*ease madence 


heptoay h** eritted among the Atande for many yean. JuNcn mentn«i »the 

quite common in rive accounts of hit trareii about 1870 He noted that tbo*e 
Ud to hr© in aepaiate huta a diatance away from the other people. Nowaday* 

* I am indebted to the Director Sudan Medical Service, Dr E.D Rama, cai a- 
for permimon to publish thn paper 
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the disease la not feared imorn them, sod the kper end hrt irUtrres *D Kr* lofcdn. 
Then h ca * result t definite CemDy incidence (35 per cent. itoonx one aerie* cf onj. 

Tcwinb the end of the first wrrrkl war * medkad commbakm was lent to tku f« 
of the Sudan to i nTcstigstv the possibility of sleeping tidbit** harfe* become fo det 
among the people. Before thia data little *aa known about theao people sod their cxrtrj 
was mX fully adminijierwl. From 1917 to 1922 derpinj nefcnew tLanlnated the wkt 
of tha medical work. A larga aleepfcryr akkneti a e uJ eme n t araa formed at Tera htr* ad 
later moved to Source* Yubu. The high incidence of feprosy neewaitated tha foc**m 
of a leper colony « a aeparato part of tha settlement. 

lo 1929 Dr Cjtmcntux* carried out a leprosy survey in the y*mWo nix& tiU 
of Zande country and tha leper artdemant at Li Ranfu near Cambio, w» formed. 

By the end of 1930 orrr 3,200 cufi bad been found In the Ysrobio ■jb-dbtrirt, •« 
2^00 in the Tcmbura lob-darnct. A further 400 were found in tha Merid! r» 
ebowi tha diaeaa* incidence aa erd mated at that tane. The eatimatfcu « ™ 
population it probably cry much higher than it thoukl be. Thepreseit fl| ur» b 
and them la no reaion to mppoaa tha manberi hare deereaaed. That would fhaskproV 
■rerdenca of 3 3 per cam. a loch is probably more accurate. 
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Predisposing Causes of Lefuost Among toe Aulnde. 

The Zande are an agrarian tnbe living along the Nik Congo 
total population ha* been estimated at two million, of whom kss than 200™ 
Eve in the Anglo-Egyptian Sudan Before the advent of sleeping ** C ^T 
they lived in the forests moving their houses where and when they wwrt’ 
not cultivating one household plot for more than 2 or 3 years. Sleeping 
changed this idyllic existence for them and, in the Sudan, from 1920 
they were made to live along roads and use specified watering pbee*. A 
of the population was made to facilitate sleeping sickness work, and kspe^^ 
earned oat monthly or 3-monthly The disease madence of the 
is thus known fairly accurately , a. 

There are three Zande names for leproay One refers to all types ^ 
disease, the second to the nodular form and the third to the mutilated 
The mutilated cases are those most shunned, though the people h»refr° # 
fear of the disease in any of its stages, and do not regard it ** inkctK*n 
contagious. 

They ascribe the origin of the disease to some major indiaenrti® ^ 
as eating the meat of one s dan animal. The meat of certain 
particularly to bring on the disease especially the bongo {Boocrraa rtr^" 
ui**a) and wild pig. 
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By companion with other tnbes in the Southern Sudan they are well fed 
tad starvation 1* almost unknown among them. Plentiful rams good soil, 
tad an unending variety of forest foods all play their part Their staple article 
of diet is cassava (both sweet and bitter varieties are grown though the latter 
rs bung its popularity in some areas) Sweet potatoes eleuwne, mane beans 
ground nuts, earth nuts, sesame and other oil plants are all cultivated easily 
Thar diet lack* meat m all forms and animal proteins The onlv animal 
that is kept is the chicken and this is more used for their magic rites than 
for food. This meat shortage is such that any and every form of meat is 



h**?> of Southern Sudsn, a hewing the Zsnde nc* and the main place name* mentioned. 

devoured voraciously Rat* mice termites locusts and mmute bony fish are 
rehshed, while hunting u engaged in on every possible occasion. The 
***** % prevents their keeping cattle 

'The other agrarian tribes living along the Nile Congo border also have 
* ‘radar diet and the incidence of leprosy among them is also high, particularly 
m the Rag* area. Among the blood and milk eating Nilotic tnbe* to the 
nQr *h> the incidence of leprosy is low 

In spite of their fat, healthy appearance the incidence of endemic diseases 
them i* high. These diseases cause little morbidity and the people 
Jj® "O' *«i treatment for them. For example, ancylostomiasis u as high aj 
60 pet cent m aome areas but anaermaa are rare and debility from the disease 
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not seen The following figure* taken from the examination of tome 4,flf0 
*chool children, recruit*, labourer* and prisoner* indicate the incidence of Ac 


more importint endemic disease*. 

Per cent. Per eon. 

Ancykrttormun 40 to 60 Filamsis 70 

Schistosomuiu 5 manse ns 15 to 20 Skin disease* 10 

\ enereal disease* 10 to 15 Dcfectnc teeth 2flto3) 


The incidence of venereal di*ea»e* has for long been a problem, ad 
among some classes i* as high as 25 per cent. The id rent of an admjc--ttnooe 
which afford* equal right* to men and women ha* to tome extent tuidemoed 
parental *nd farm Hal control but even in the old divs the *ex Efc of the irtnp 
Zande was full and varied. 

Routine examination of the blood of prisoners show* that mint nSa 
from the dimorphic *naemia* described by T ROWELL (1943). Tbc white cdl 
count ihcm* a diminution of the polymorphs often as low as 25 per ant 
with a corresponding increase in the lymphocyte*. An conn op hi lu a coffin** 
but over 15 per cent, i* unusual. Epidemic* of measles and influenza b*ie* 
high mortality rite Fortunately the more severe epidemic* of » null pci «d 
cerebrospinal meningitis have not occurred within the last 30 years 

Of all these factor* that of men shortage u probably the most importzffi 
predisposing cause of the high incidence of leprosy 

The Obqaxization ro* the Care and Treatment or Liras, 192 M 3 - 
The two large leper settlemenu formed at Source* k ubu and la R* fl ? n 
in 1929-30 contained some 80 per cent, of the known leper* of the 
The type* of case* m them were thus indicative of the type* of the d*** 
as found among the A**nde ^ 

Of the 5,500 case* in the settlements o4 per cenL were lepromatroL 
per cent neural, and 26 per cent, mixed in type. _ 

The age incidence showed that 65 per cent, were between 20 and 40 T tirv 
7) per cent, under 10 and 13J per cent, between 10 and 20 ^ 

The organization of these two settlements wa* from the first 
local native *dminr*t radon. At Li Rangu each outside chief had ins ^ 
heidman or sub-chief inside the settlement. At Sources kobo there ^ 
one chief otct the whole settlement. Both settlement* had their own 
court*, and the doctor wa* also appointed a magistrate In these two ^ ^ 
menu the doctor in charge wa* responsible for the planning and 1*5** 1 ^ 
settlement, all the budding*, road making, etc. Each settlement 
cadre of irtissns, usually chosen from the inmates. Native industna 
encouraged. ^ 

The most effective treatment wa* found to be alepol, which w*< 
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mtnvenouiK (dosage up to 8 c.c. mtrarenousK of a 6 per cent, solution) At 
the U Rsngu settlement up to 400 injections were being given daily 

By the end of 1331 it was reported that_ 30 per cent, of ill cases hid 
improved, 25 per cent. were stationar) and 5 per cent, had become worse. 
The remaining 40 per cent, were considered quiescent, and non-mfectious and 
sere then dischirged to their outside villages In this sear specul segregation, 
camps were built for the advanced lepromatous cases 

Dunng the next few jears the leprosv work at Sources \ubu suffered as 
sleeping sickness demanded the whole tune of the available medical staff As 
* result Urge numbers deserted to their own homes and only the worst cases 
remained, 9 

At Li Rangu an attempt was made to bnng back as mans of the cases 
a possible into the settlement Table II shows the distribution of the known 
j lepers m the Li Rangu area for that \ ear 

From these figures WOODMAN (Sudan Medical Service Annual Report 
1SZS) estimated the disease incidence as high as 7 per cent, of the population, 

. « figure which has not been confirmed bv previous or later observer* 
j Woodman (1937) records the results of treatment on these 3,500 cases 
He found that the chaulmoogra derivatives gave good results if used for a penod 
not exceeding 3 or 4 yean After that period further treatment had no beneficial 
malts He considered the Li Rangu settlement, then the largest in Africa 
bad been of value m that it had removed the worst foci of infection from out- 
side, and because it facilitated the treatment of cases 

By this tune the general medical work of the area had increased. A net- 
i work of dispensaries had been organized throughout the district, which it had 
J been hoped would be able to take part m the leprosy work. Unfortunately 
I lack of suitably trained staff prevented this at that time 

i The numbers of new cases found each year continued to be large but 
| °nly the advanced lepromatous cases were now being admitted to the settlement. 

I From Table II (page 42S) it will be seen that 2 176 (62 per cent) of all 
were nominal!) Irving in the settlement Each of these had their rc lames 
bvrag with them. The ared of the settlement was only 25 square miles and the 
' ^2 not good. The settlement was thus far too overcrowded for an agrarian 

People Under such conditions and with inadequate staff the administration 
s of the settlement suffered, and it became unpopular 

1 Sleeping sickness had died out m the \ smbio district and the 3- monthly 

“^peettons were less well attended. Outside lepers frequently absented them- 
o r hid and, if discovered, gave another name Others changed their 
chiefs and were recorded twice The records of the outride cases thus soon 
, became muddled owing to the deceit of the vrih African. The people realized 

' ^ut the treatment of leprosy was not so efficacious as they had hoped. Manv 

\ refused to come m to the settlement and others deserted and have never since 
, been traced. 
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By the end of 193S there were over 6 000 people still Eving nmdc tic 
Li Rangu settlement. Of these In* than 1,500 were leper*, the r rrTurvV r 
were in *omc cases relatives, bat there were also many who sought refnje 
there to avoid their one duties to their outside chief*. 

In 1939-40 « new rurvey of the known leper* in the district wm esmed 
out Thi* was helped bj the compilation of a new ernsu* of the popobtm 
The total numbers seen at sleeping iteknesi mspectioni then row from 45/fO 
in 1938 to 60 000 in 1940 The whole area was being inspected once yetHj 
*o this figure gives an approximation of the total population. It was mnnnd 
that from 5 to 10 per cent could be considered as absentees srbo were entr 
seen. As in the past, at each inspection a special inspection was made f* 
lepers. This complicated the old records as in an effort to erade being recorded 
as a leper many gave wrong names or changed their chief. These difficeloa 
we r e overcome by the end of 1941 by a card index system, and by more accurate 
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registration of the individual cases. The numbers of new” cases then fcS, 
and the number* of absentee* were less than 5 per cent m moat ciaefstnp*- 
The cases w ere then divided Into three main groups. 

1 Sejr elated Costs — The most advanced lepromatons cases, 
which were* most M infective " and the mutilated cases. These were cto* 0 
together for purposes of care and tr eat m ent . 

2. Settlement Coses — These hved inside the Li Rangu settlement ^ 
their relatives under condition* approximating their life outside. Thor 
under treatment or observation for special reasons. 

3 Outride Cases — Living m their own village* and having no 
Table III shows the number* of each group for the yean 
The total of 2,931 known leper* on the records *t the end of 1939 * 
a drop of over 550 from WoODliax’* figures of 1935 This is 
reduplication of records, desertions, cures, and death* that had been dhcbfivj 
fr om the records m those year*. AD records were kept for a - 

before any leper was crossed off the register a* a M deserter or 


4 died. - 
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A further drop of 300 cases is noted for the next year This is explained 
by the discharge of further cases from the records as deserter* or “ cure*,* 
mostly from those m sections (C) and (D) in Table II 

By 1941 the new card index had been completed for all the cases which 
could be traced, and only a few of those on the old records were still left 
unknown. These were then finally crossed off the records in 1941, together 
mth all the ‘ cures and cases without any visible lesion who had been seen 
for the last 3 years. 

In 1942 a further 230 cases were crossed off the records as cases which had 
had no visible lesion for 3 yean. Of these 189 were early N L caaes or doubtful 
esses of leprosy who had been under observation for this period. Thus the 
ttatrstics for 1942 show all the known lepers with any definite lesion 

Tables IV to VIII (pages 430-34) show the detailed statistic* for the year 
1942. The classification of cases follow* that of the International Congress 
on Leprosy held in Cairo in 1938 
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From the above it will be seen that the compilation of accurate statistics 
a indeed difficult even where the people are known and their living areas are 
controlled as necessitated by the bogy of sleeping sickness The tables for 
!942 are a true picture of the incidence of the disease in that year as they include 
die known ease*, and not large number* who have not been seen. To include 
er ery case that has ever been recorded, but which has not been triced merely 
khifies the picture. These figures cover 60 000 of the population. 

During the same period the Li Rangu settlement was reorganized. A new 
•^ffregition camp was made, including a (bspenaary with leper wards wells, 
ktxmes aQ d t general meeting house for school court or religious sen- ices 
built. In this camp the advanced and more infectious cases had to live, while 
thar relatives were put on a road round this camp and about three-quarters 
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of o mile mj Theie leper* were provided with daily ration*, induing mat, 
u iru giren to hospital patients. Clothes rrerc Issued regularly sod *E me 
under treatment ThU improvement in their Irving condition* reduced the 
number of abtenteex. At certain time* of the year i r for hunting erpofi'jcra, 
or during the early ram* when the termite* were in Sight, they were *Dewd 
out Such a camp «bould not be regarded a* a praon or it fib completely 
Some rea*omble freedom of movement u e**cntial. 
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In the pa*t the *ettlement leper* worked 1 d*y * week for 
without pay Thi* wa* stopped in 10-10 and the agricultural tide d the 
ment wa* developed. The*e leper* (•ettlement ca*e*) worked on 
ration* and were paid the ordinary daily wage*. Thu provided 
with almort ah the food crop* nrcewary even though the ration* ‘ of . 
been increa*ed four or five trot*, and m addition Improved the geo^ 
of the tettlement. Such agnail rural development wa* earned out 
bim with the aid of the A gn cultural In*pector Half of the*e ct * c1 
under treatment. (See Table VII ) 

From the atatistica it will be *cen that the number* in the 
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have been reduced considerably This, together with the all round improve- 
ment in their living conditions reduced the unpopularity of the settlement* 
Treatment has been limited to numbers that the staff can cope with, and atten- 
tion has been paid to training staff who it is hoped in the future will be able 
to work in the district dispensaries later 

Treatment has on the whole been disappointing and there is little evidence 
m favour of any one particular line of treatment or of one particular drug 


Tablx V 
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11 *11 cases the first thing has been to treat any endemic diseases such as ancylo- 
ttomissis or intestinal bilhamasis The improvement of rations with a regular 
*tipply of meat has also been considered of prime importance for the segregated 
c * Jc * Specific treatment has been limited to the drugs available during 
^* r tLmc * Creosoted hydnocarpua oil has been used as a routine when avail- 
* be * ^d alepol was used for a short time when this ran ont* Both these 
aru 8* have been used as intramuscular and lntradermal injections Tuberculoid 
c ** c * of doubtful activity have been treated with a 25 per cent* trichloracetic 
paint. Cures, or improvements occur with equal proportion in 
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those under treatment and those without treatment. It must, homer, be 
remembered that the worse cases were put under treatment, and that the milder 
cases were not under treatment. The results of treatment oo the itfilmgi 
and se g re ga ted cases are tabulated m Tables VII and Mil Tihlc Ih pm 
the types of cases classed as “ cures ” for the years 1940-42. All these bm 
cases hare been under observation for a penod of 3 years or more, rod fa 
that period have had no visible lesion. These have not been in eluded m lie 


Tana VI. 

i c w all nmuaxT ixrm, I»lw 



final statistics for the end of 1942. Thor case record! hare been hep* * 
reference in the case of a relapse. 

One of the main difficulties in an area such as this where the disease tDO ' 
droce ts high a a tendency to diagnose any and every skin blemah a* * *■** 
of leprosy or as a precursor of Icproiv Only the definite case* bare 
included in the liter statistics. It is admitted that some probable 
thus been left out, but this u better than to include large number* of doc*® 1 " 
cases and so falsify the disease incidence. 
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It a thut claimed that these statistics covering some 60 000 of the people, 
give as accurate os possible the incidence of the disease for 1942. These give 


*n made nee of less than 3 per cent, (making due allowance for cases not seen) 
Thu u approximately the same as that recorded by Cruickshank in 1930 



Plants to (a) the disease bang under control, and ( b ) that a decrease rather 
^n an increase m the number of cases is to be expected in the future. This 
11 the brightest side of the picture 

The Outlook for the Future. 

This part of the Anglo-Egyptian Sudan is still in a very early stage of 
development. It it however tha t part which gives most promise for economic 
nereloptnent in Equatona Province. Vanoua schemes have been proposed, but 
have of necessity been held up for the duration of the war 
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With this economic development it » hoped that the lot of the mtne iB 
improve The meat shortage should be alienated, and other commodrtja rf 
civilized life be more readily available for all. 

While there should be no attempt to minimize the leprosy problem fa tko 
area, at the same time it should not be exaggerated. If anything the doax 
i» on the decrease, and at least it is under control 

The work done in the paat has been rather disappointing Leprosy md 


Takj VTII 

noctm or HcwaMTD ixttm. Ill- 



sleeping sickness both altered the normal life of the native, and esn*^ 
irksome restrictions to their habits and customs Both these ^ ^ 

under control, it has been possible in the last few year* to remove mat* 


imncuora. ^ ^ 

In any public health campaign the first essential is education- Tins ^ 
two purpose*. On the one hand it provides better personnel for 
anti leprosy work, and on the other it enables medical propsgaud 3 t0 
a larger proportion of the papulation- 
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I have always maintained that the other endnmc drsease. »«ectm| “ 

its proper perspective. «, 

r rhe large leprosarium and compulsory- segregation have not been really 

•access ful m cop.ng with the problem in “o^UettoS? for 

more the .deal. But among such primitive people, tl be larger ettl lemenUu. 
.U place until sufficient staff have been trained to wort m tbelocd or ““L e 
settlements Agam these chiefs’ settlements to be successful, must hate 
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force it *t the wrong time would create more c o* 

The present policy of keeping as many >. poo.ble of the . acme c«es 
and cases that might benefit from treatment in one large Kt dement, — 
remain purely « temporary one until the chief, colonies can be formed. -This 
policy haTa? least controlled the disease and probably caused decrease. 

For the future the gradual decentralisation of leprosy work » *»*«*“* 
«. Coupled with this an mcrease in the pubhe health and general 
wrt in the area. By these means it t. hoped to ra.se the standards of hvmg 
*nd to gr* dually eliminate the di*ea*e. 
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SuMMAJtT 

1 A surrey of the history of leprosy tod its predisposing auxi In tin 
part of the Sortin has been msde. 

2. The tnadeoce of the disease « recorded for the past 15 jean a fo- 
cussed, together with the various methods of control that hire been used. 

3 The effec tiven ess of this policy is discussed, with recommend stmts 
for the future. 
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KWASHIORKOR AND ARIBOFLAVINOSIS 

HT 

WILLIAM HUGHES xld„ mjlcj* • 

African Hospital Lagos Nigeria 


Although the first adequate clinical account of kwashiorkor was provided 
by Williams (1933) the renews of St annus (1936) and Tr dwell (1941) 
roste it clear that a similar condition was recognized independently and 
described by other observers in East Africa (Proctor, 1926 Gillan 1934) 
the Congo (Lieurade, 1932 , Trolli 193S van Daele, I93S) about 
the same time. The diverse nomenclature, “ Gillan s oedema, cheveux 
blancs,* * enfants rouges/’ ' kwashiorkor ' infantile pellagra, reveals 
prejudice of each observer in favour of what he considered either the most 
prominent symptom or the most likely cause. 

A study of deficiency m Lagos during the past 4 years has led us to 
reco gnixe on an indeterminate background of general malnutrition three rather 
^-defined syndromes, vis simple anbofla vinos is, kwashiorkor and 
ootntioni! achromotnchia. This is not to say that all forms of local malnu- 
trition can be grouped under one or other of these headings — indeed, the 


commonest expression of malnutrition is a retardation in physical development 
^ith few or no signs of specific deficiency The positron is that m each of these 
“t^tes there is typically a specific group of symptoms and lesions which suggest 
that we arc dealing with a constant deficiency Typical cases m each syndrome 
■re hard to define and it is probably unwise to enforce a rigid classification. 

Simple a riboflavin osis is the condition m which we see only those lesions 
^ the tongue, mouth and external genitals characteristic of the adult syndrome, 
^ch cates are rare in children but they have an importance out oT proportion 
their incidence because they constitute a link between the adult syndrome 
01 anboflavinotis and kwashiorkor We see depigmentation of hair m some 
f**** of kwashiorkor but alopecia rather than achromotnchia it the distinctive 
Stion. Nutritional achromotnchia appears to be a distinct syndrome in which 
I outstandi n g feature is depigmentation of the hair The muco-cutaneoiu 
Ie noru of kwashiorkor are mini mal or absent. Examples of the pure 
•yndrome are rare. So far as our observations go they suggest that nutritional 
bromotnchia is the result of pantothenate deficiency Achromotnchia as 


^ I 1111 indebted to the Pathological Department of the African Hoapml, Lego*, and 
to Dr R B T Baldwin for much help I have to thank the Dihecto* 
iedical Services, Nigeria, for permmkra to publuh thn paper. 
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a symptom of kwa*hrorkor terms to be more common in tic Congo tho 
ebewhere and probably account* far the nomenclature in that area. 

Thu paper deal* with observation* on city fire ca*e» diagnosed o 
kwashiorkor within tic part 4 rear* in the children * ward of the \ fn aa 
Hospital, Lsgo* On the cEmeal side there 1 * hnie to add to the arcana 
which have already appeared but tbe recent advance* in our knowledge of tie 
B t complex deficiencies girt many of the aymptom* and lewora * nr* 
figmficaiKe. 


mrrrnc a*d social nAcscjtoc'rn. 

Our knowledge of the dietetic background u fragmentary both from tie 
quantitative and qualitative point* of new One thing 1 * dear however tie 
defiaencr or defiaenac* c on c er ned do not depend oa the itaple altnc. 
Kwashiorkor ha* been recogmaed m different area* in which the naph h* 
been kaasara, ram, plantain, maue, millet and nee. In Southern Xigem 
yam and cassava are the tuple*. Small amount* of guinea-cam, nee, grocni- 
aut* and fnnt are consumed but we hare no exact quantitative data abeot 
these ingredient*- In the cate of the *oup or ttew we know the tmoonts “ 
tbe moit expensive ingredient* *uch a* meat and fi*h are restricted f* ** 
poor and the variety u restricted in town* generally but again exact dm « 
lackmg. Tbe cooking fat is red palm oil Increasing attention 1 * bemg p« 
to the imponderable* ” of the diet among which the preparation and method 
of cooking are of the highest importance. On the pootive side, we hare r*na» 
fermented foods, not only »uch obnoa* source* of yeast a* native beer and P*^ 31 
wme but abo cooked food* which arc left lying about to mature for anjtlnnj 
up to a week acco rd ing to the vagane* of native autom. Although ctyrrW*" 
able from the hygienic standpoint, such treatment by encouraging fermdtiti® 
mil enhance the vi tamin B-comp!cx content of the food. On tbe nrum* 
aide, bowmrr we hare the custom of boiling the gr ee n vegetable* in***®* 
taking them out and *queering them and then returning the *queered prfd 
only to tbe soup. This must reach in loss of appreciable quanntxa of 
soluble vitamin*. It will obviously take many year* of field work and ^”^7 
atudv to work out the exact coniti tuenU of tbe local diet a* rt u coc*c®“, 
and xmcs4 the mem* and drawbacks of tbe local method* of cooking ^ 

A* Uqiuia ha* noted, it u typically a disease of the cHM yc ^. 
neglected or deposed from the brent before the next confinement i* _ . 
Weaning » usually a gradual proce** extending over 1 or 2 year* wbeipc*^ 
When, how e ver another confinement is due the child may be 
abrupt ft to ** pap " and soup. “ Pap i* a gruel made from 
In aix of our cases the diet ha* ennswted of pap alone — in one ease fw~ ^ 
before adrmmoc. Tbe disease i* frequently seen in twin*— 
noted in the *crie*. In *ix instance* the child \ni motherless. Jn 
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rasimca, with breast-fed babies the mothers have shown the oral lesions of 
triboEavmosis. In one case the mother had filanasis of the breast. 

The incidence of clinical anboflavinosis is high among the local adult 
population the characteristic lesions of the tongue lips and external genitals 
bemg particularly evident among the out-patients and m-patients at the African 
hospital and in the inmates of the local jails and asylums From July 1944 
to July 1945 all the new admissions were examined on entry to Lagos prisons. 
The incidence of anboflavinosis was found to fluctuate from 9 5 to 20 2 per cent, 
givmg a rate of 16 per cent, in the total examined Most of the admissions 
*ere petty criminals from the poorest section of the community — the same 
lourcc fr°m which the majonty of our kwashiorkor cases derive. This high 
•cadence of anboflavinosis is the most outstanding feature in the social back- 
ground of the disease. The plight of children in the community is aggravated 
by the universal social custom which ordains that the wage-earner shall have 
the choicest btta from the communal scrup 

CLINICAL HISTORY 

A history of enteritis or dysentery is very common. In the later stage 
however the diarrhoea usually stops and only an occasional white or day- 
coloured formed stool may be passed. This, no doubt, is conditioned partly 
hy the fatty infiltration of the liver which is so intense in severe cases and partly 
by dehydration. Before we became familiar with this change in the stools 
believed that diarrhoea was not an essential factor in the syndrome. On 
closer investigation, however a history of dysentery or enteritis was established 
tn ritccn out of twenty two cases treated in 1945 Four cases had abdominal 
tuberculosis (all fital) one lobar pneumonia with recovery three major 
f*phyiococcal lesions (two fatal) Helminthiasis and malaria are contributory 
otrt not essential factors Many severe cases showed no ova in the stool. Lack 
■bsorption and the increased metabolic demands of infectious disease obvi- 
°u*ly combine to precipitate the deficiency in many cases. 

AGE LIMITS. 

Our cases were distributed in age groups as follows 0 to 1 year fifteen 

^ y^ra, fifteen 2 to 5 years twenty seven and 5 to 9 years, eight. The 
mortality and seventy of the disease decline with advancing age. From the 
*ge of 8 upwards we meet fewer cases of the kwashiorkor type and more and 
more of the adult anboflavinotic syndrome. Between the ages of 8 and 16 
've meet transitional cases in which the distribution of the skin lesions 
•ml corresponds with kwashiorkor but the intensity of the exfoliation is pro- 
grcMively diminished. In such adolescent cases depigmentation has been more 
interne than exfoliation This type of case appear* to be more common in 
^ Cameroons and Congo than further north. Whether it depends on a 
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primary dietary deficiency or U a sequel of tbe chrome parakentons fl a 
impossible to #ay 


ErmnojAL auxozs. 

The typical case of kwashiorkor includes the lesions of tbe tongue, Spi 
and external genital* which correspond to those of the adult amdrwae d 
a riboflavin mi*. The tongue may be pink or magenta but the change m eofcw 
i* often obscured by anaemia, thrush or dehydration. The papillae arc enhxjtd 
but not to the omc extent a* in adult* nor are fissures present. In dehydration 
It i* glared and pointed and the enlargement of tbe papillae accentuated. Tbe 
specific change* may disappear overnight a* the result of treatment. Tbe 
Ups * how desquamation and may be red or vermilion and fissures art commas 
at the centres and angles. The angles may be ulcerated but rarely do we set 
the white heaped-up sodden epithelium «o frequent in adults. The ksra 
of the external genital* are much more severe in children, and espeaaflj a 
female children than in adult*. At first the rash ahows the same hrpe 
pigmented scales on a hypo pigmented background involving the sataum sad 
prepuce in males and the vulva in females. Later all ikin from the 
to the coccyx and for an inch or more beyond tin* becomes raw moist sad 
inflamed. Fissures develop between the pern* and scrotum and ibout lie 
glan* in male* and alongside the vulva in female*. The condition to females 
can be miitak.cn for gonococcal vulvovaginitis. 

It r* the extension of the rash on to sites other than those affected i° toe 
adult syndrome that give* to kwashiorkor its chief characteristic. It «c° n 
particularly on the extensor surface* of the limbs and is most marked on 
extremities — the dorva of the hands and feet, the scrotum, tbe prepuce or bp 
of the glans penis, the tip of the nose the tip of in umbilical henna ween 
present the pinnae of the ears. The deaquamation on these sites i* cltoia^ 
identical with that seen on the adult aero turn but the exfoliation ts often m«e 
intense. On the doraa of the hands and feet large blisters may form, 
intensity of the process is also evident in tbe face where the seborrhoerc toR*" 
of the adult syndrome arc often accentuated by deep fissures at the canun. 
naao-labial sola and above the ears. Depigmcntation and fisaunng are severe 
in the flexure* — axillae, groms and popliteal spaces. The typical cr»7 
pavement desquamation, about which so much has been written, occurs f 1 
ts the hypcrp i graented epidermis cracks for the first oroe and tbe * ca ^ e V^ 
about to separate. The phase is evanescent as the continual exfoliation 
to depigrnentadon and the contrast is lost. In chronic cases nothing tnDTt 
than an irregular mottling or powdery desquamation is noted. 

Superficial erosions and “ septic spots ate common. I have *** 
erosion develop on the lower bp in a few hours through the misguided ^ 
of an attendant to feed a *c on -comatose child. Two of our cases mea 
disseminated staphylococcal infection. 
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primary dietary deficiency or it a sequel of the chronic paraieratma it it 
impossible to say 


trmtnxu. CTiANoo. 

Tbc typical case of kwxshiorkor includes the lesions of the toojoc, E3* 
and external genitals which correspond to those of the adult syndrome of 
anbofiannom. The tongue may be pmk or magenta but the change in coixr 
is often obscured by anaemia, thrush or dehydration. The papillae art cnhr’td 
but not to the same extent as in adults nor are fissures present. In dtimlntjcn 
it ii glazed and pointed and the enlargement of the papillae accentuated. Tbc 
specific changes may disappear overnight as the result of treatment Tbc 
bps show desquamation and may be red or vermilion and fissures arc common 
at the centres and angles. The angles may be ulcerated but rarely do we set 
the white heaped- up sodden epithelium so frequent in « dolts. The 
of the external genitals are much more severe in children, and especially m 
female children, than in ■dults. At first the rash shows the same brper 
pigmented scales on a hypopigmcntcd background involving the scr«um 
prepuce in males and the vulva in females. Later aD shn from the jwbo 
to the coccyx and for an mch or more beyond this becomes raw roast *nd 
inflamed. Fissures develop between the penis and scrotum and shoot the 
giant in males and alongside the vulra in females. Tbc condition tn ferrule* 
can be mistaken for gonococcal vuh-o-rjgimti*. 

It is the extension of the rash on to she* otheT than those affected ro =* 
adult syndrome that gives to kwashiorkor its chief characteristic. It oc ’ :nn 
particularly on the extensor surfaces of the limbs and u most marked ® 
extremities — the dona of the hands and feet, tbc scrotum, the prepuce or tp 
of the gbms penis, the Up of the nose, the Up of an umbilical herro* a 
present, the pinnae of the ears. The desquamation on these sites u cneiOZ] 
identical with that seen on the adult scrotum but the exfobatton is often irwrc 
intense On the dorsa of the hands and feet large b listen may ^ oriT1 ' 1 ___ a 
intensity of the process is also evident in the face where the seborrboeic 
of the adult syndrome are often accentuated by deep fissures at the 
ntso-Ubial aula and above the ear*. De pigm entarion and fiasunng *1* 
m the flexures — axillae grans and popliteal spaces. The typicsJ 
pavement desquamaUon, about which so much has been written, 
as the byperpigmented epidermis cracks for the first time and the * c " c ?. 
about to separate. The phase is evanescent ss the continual exfobanoo 
to depigmentatKm and the contrast is lost. In chronic cases K*® 0 ? , 

than an irregular mottling or powdery desquamation i* noted. D 

Superficial erosion* and “ septic tpoa are common. 1 hare 
erosion develop on the lower Gp in a few hours through the nusgipffid 
of an attendant to feed a semi -comatose child. Two of our cases 
disseminated staphylococcal infection. 
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Microscopically section* show the condition to be one of parakeratosis 
There i* * thinning out of the epidermis with acanthosis and a humed mature 
tson and comification of the epithelium. Nucleated cells containing pigment 
arc seen passing into the stratum rornntm which if femt-dctachcd. 
Msny of the epithelial cells are vacuolated In the tongue there is 
sumiar histological picture Acanthosis is marked Va*o~di!atation and extra 
vwtion of red cells were noted »n our sections but it is difficult to say how 
fir such findings were abnormal in such a vascular organ as the tongue. 

The hair tends to fall out and in severe case* it can be combed or pulled 
out painlessly m large bunches at a time In chronic cases there is loss of 
pagraent but this is not an essential feature of the acute disease 

Clinical and histological appearances suggest that there it no essential 
difference between the epithelial changes m kwashiorkor and adult aribo- 
fhrvmosu It is merely a question of intensity and distribution. One might 
compare the hittological change* m the akin in kwashiorkor with those m the 
bone marrow in pernicious anaemia. In pernicious anaemia the long bone* are 
filled with red marrow which fails at the last step to turn out mature erythrocytes 
In kwashiorkor the march of cells from the basal layers to the surface is accel 
ented. Thu hyperplasia result* in a loss of pigment and immature cells from 
the semi detached corwfied layer The manufacture of pigment and ceils 
Gmnot keep pace with the demand and dcpigmentation and erosion* are the 
consequence In kwashiorkor and m pernicious anaemia the consequence of 
deficiency it should be noted, 1 * not atrophy but hyperplasia. The age factor 
account for the more intensive and extensive epithelial changes in 
kwashiorkor compared with the adult anboflavmotic syndrome 

LETHARGT AND PRE TERMINAL COMA. 

Although some cases are irritable in the beginning as Williams noted, 
all dnft into a peculiar state of lethargy near the end. This state referable* 
*orgictl shock but the patient can be roused and ha* been known to speak, 
wtefli gently half an hour before death. Usually the child passes from tin* 
gradually mto coma but in some case* the transition from apathy to coma 
7** ^ ccn abrupt and unexpected. In four case* death occurred unexpectedly 
urnig the night or early morning probably after a brief period of coma. 

(1^29) originally described thi* sudden lapse mto coma quickly followed 
death m dogs deprived of riboflavin 

MUSCULAR WASTING 

Muscular wasting is an essential feature of the disease. It may be masked 
the beginning by oedema. The buttock* are often grossly' wasted and the 
•P**® become kyphotic from wasting of the erectors. Prolapse of the anus 
. Dote d m four cases. It u probably due partly to the muscular atrophy 
partly to tenesmus. 
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The mortality In La^os during my last three tour* has been as foQcm 
1942-13 nineteen ca**i with eleven death* 1944 twenty four case* wrth 
fourteen death* 1945 twenty two cue* with eleven death*. 

The type of case ha* not varied between 1942 and 1945 Although then 
ha* been *omc improvement in our result* it is clear that we are cmmnjap 
against a “ hard core of mortality corwadng of (a) case* In which the change* 
In the Leer are irreversible — or at least not amenable to riboflavin tod (1) 
those m which the comcmnitant disease i« beyond our control. In the foGoaoj 
analysis of the 1945 mortality I h*vc sketched in briefly the ou titan ding e&aol 
and pathological finding* which were noted m addition to the kwasbodw 
syndrome in each case. 


I Admitted moribund, died within 21 hour* bad no riboflsrfc or hrtr at* 3 
fifty liver postmortem. 

2, Odo of bre**t fed rwim enteritis for 7 d*ym. Her sister showed the typfcd law 
•nd txnrtaJ Wiora of inboftrrincwis. The mother bad cheflod* and gfawitf* 
and niter cleared up within a w**k on oral riboflavin. Th* patient had - WJ DbcAn* 
and 2 cx. bwr extract died within 24 hour*. . 

3 Died within 43 hour*. W« had ran out of liver extract and riboflavin far »■ 
jeetiOTL 

4 PscilUry dysentery Lived 4 day* (aee below) 

5 Lived 4 day* riboflavin 5 mg i-tn. Fatty liver poatmortem. 

6 bubteman malaria and enterfti*. Lived 3 day* hid wdy 2 m* riwflitrfl by 

injection ^ . 

7 Seemed to be makmfc (food prOKrea* after a «jnjrW Infection of 10 m* r*oflrm 
but died unexpectedly to the early mom inn of the 6 th day fatty liver poiUtxaUffl- 

8 Mothcfleaa fflfant, 21 days old. Wa* recorerro* bet developed mtewioal cfaaW- 

tjon of unknown causation and died after 7 day*. , 

9 Severn enter**** “ Plcxan," 2 ct, aod riboflavin, 2 injected on «a » 

died 7th day . u 

10 Lethargic t» admiaaion pawing ocoaalcnal grey stool had 20 mf- nix* 1 *™ 

by mfecticvi daily diad 3rd day fatty brer postmortem. . r. 

II Letfaajpc on admiaawo inrtad improvement after 10 roc 

•pit® of 20 mg. oral riboflavin daily akin ienora iclap ae d and ccana mperreoea « 
day Liver fatty poatrwutem. 

Tbe detail* aupplied in theae c«ki illustrate the difficulties In WiIriQI ** 
ckar-cut conclusions in an Investigation of tht* kind. No 2 flln*tnte» ** 
conception of the on gin of kwa*hiorkor The mother had anbofimh®** 
both breast fed twin* were affected equally until one developed eotenti*. 
death due to entcntia or acute riboflavin deficiency ? Wa* fatty ^ TTf ^V 1 _ 1 
lesion ? Were the change* irreversible or would a larger dote of n ° of ~T 
have been effective f Wa* death due to some other deficiency — 
methionine, mcotuiic aad, pantothenate ? These are the question* prompt 
but only partly solved by a *tudy of our *acee**<* and fad urea to date. 

No. 7 illustrate* a mode of death already described — a sudden 
pected l*p»c into com* followed by death m a matter of hour*. 
dramatic instance was seen m a c*»c which I demonstrated to a das* 

The mh and oedema were extensive but the child sat up and *n*we«d 9 oe, ~^ 
intelligently Although I described this mode of death to the daw n f* 
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of t]jc bvuhiorkor syndrome, it came as a shock to find that the child died 
dtinag the early hours of the following morning 

It might be urged in the cases of Nos. 4 5, 0, 8 and 9 that the true cause 
of death was the concomitant disease The exact, relationship between the 
concomitant disease and kwashiorkor and the contribution of each to the high 
mortality is difficult to define, but it is believed that in all eleven cases the 
child would normally hake died from kwashiorkor This view makes the 
results of our treatment appear worse than they really are but it docs emphasize 
the fact that we cannot abstract a part of kwashiorkor from 'its clinical back- 
ground and hope for perfect results when we haw dealt with the anboflavinosis 
•lone. The clinical notes of No 4 might be amplified to demonstrate this — 


A A — Motherless female act. 4 years. Admitted 23 1 45 with history of diarrhoea 
I month. On sdmiwkwi lethargic with generalized oedema and extensive exfoliation 
*“1 depjgmentation on limbs, buttocks abdomen and face tongue red and glazed lip* 
rtd, angle* ulcerated blepharitis with scaling and fissure* at canthi vulva very ecze- 
malou* with fixture* No diarrhoea stool formed, white 

Treatment. 23 1 45 Saline 150 c.c. rntrapentoneaDy Riboflavin 10 mg Ijn 
*Qd 20 nw orally repeated dally 

25 1 45 Improving Lip* and angle* cleared up Blepharitis almost healed vulva 
“proved but still red. 

26 1 45 Diarrhoea with mucus very weak. Saline repeated. Anrurin, 5 mg 
PJeian M 0 c.c. un. Died that day 

8tooi E colt cyita and cellular exudate culture — no dysentery organmrn isolated 
Postmortem i Injection of terminal ileum and colon Liver — a few fat globule* at 
P^Tpbery of lobule. 


The clinical findings, including the white stools suggest that the liver 
*** severely affected in the beginning but improved with treatment Death 
^ probably due to bacillary dysentery 

We have found the first 4 days after admission are the critical period hnd 
Jt wss during this time two specific effects are noted. Firstly the epithelial 
«iou* of the tongue, lips and external genitals showed signs of clearing up 
within 24 hours of giving riboflavin by injection Secondly an improvement 
*PJ*tite seemed to be a specific effect of the liver extract injections and was 
often evident in 24 to 48 hours 

A favourable response to treatment and progress is illustrated in the 
following cases — 

Qn r^ ^ you*. Admitted 12.12.44 Hwtory of waiting — 2 month*, no dionhoea 
t *'** gnp«tion, 13 12,44 lethargic with generalized oedem* end watting many eremon* 
over bony prominence* deep fi**ure* behind right car and in penneum 
fi**ure* at angle* of mouth and external canthi and between finger* tonguo 
oormol, lip* red with central fixture acrotum and tip of umbilical hernia glazed 
depigmentatloe with hypeipigmented acaling Hair darkj atraight, falling out 
Not pining atool or urine B.P 92/66 Blood few P faJapantm 
10 ^ fitment. 12.12.44 Riboflavin, 12 mg Lm. and natal feed* of milk. Riboflavin 
u tm I0 - 12 ' 44 

fnr, .n_ ^ . Epithelial Iconic* improved ha* patted a grey atool and *ome urine 
Mor * irritable. 

Much Imp ro v em ent. Lip* and angle* healed Blepharitis cleared up 
^ Jrc * healing rapidly (oee Fig 7) Oedema going down. 
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Ifl.12.-H Takin* food onlly Enwloo* much fanptmed. 

26.12.44 SVfa ktwca dtctd op Cm fit up. \ cry mr»cu*-cil 

Progres s th e r e aft er uneventful. The pbotncrspfat (Fig*. 7 md S) flhutm* &t ctoS- 
Tjon on 15.12.44 end oo4< 45. 

The above kii one of the few cate* in which riboflavin alone m prea. 
In moit cates crude Over extract was given u well, and the combination tamed 
more efficient especially in the matter of restoration of appetite. In mny 
instances the treatment included lulphonamides or emetine for dysentery or 
ententu and mepaenne for malaria in the firat 4 day*. 

We have given nicotinic tad orally and by injection to «x cue*, faff 
of whom died- It appeared to ham no specific effect on the dvinbcet a 
epithelial letiona in the first 4 day*. 

There u usually a preE canary fall in weight associated with a tEtnta 
as the oedema dears up m the fir*t few day*. Once over the critical period the 
children put on weight rapidly on the diet and gain* of more than 1 fc. per 
week have frequently been recorded. Two cates became groatly oboe it tk 
end of convalescence. Exfoliation erase* in 7 to 10 daw. The pigment o 
gradually restored within 4 to 6 week*. Regeneration of muscle was pro- 
gressive and complete except for residual flat feet in a few cate*. The tro 
•cate* of prolapted rectum which survived cleared up without opemrre 
interference. 

We might wmmirac our impres*ions of the res pome to treatment « 
follows 

1 The effect of nboflavm injection* can be noted within the fint 2 d*F 
on the epithelial lesion* of the tongue. Lip* and external genital*. Tb» d&ct 
i» also teen on the attoaated aeboerhoca and fitsures and on the blephan« 
when present. Thete * pea fie effect* have been noted even in cate* which 
not recover 

2. The effect of nboflavm on the fatty Ever was not dear-cut. 1° 
cate* the c hil d could consume food containing substances other than ri bec*rE° 
to which a favourable effect might be attributed. In severe cate* the 1 * °^* 
impression gamed was that riboflavin alone was inferior to riboflavin pfa* 
extract. 

3 Even (bough riboflavin deflacncy may be the key to 
the severe cate it probably suffering from many other defiaenacs 
■on inanition and these secondary defiaenaes at well as the concomitant 
must be taken into acco unt in treatment. 

Naturi of Kwaeiio*ko*. 

It is natural to expect that the high incidence of ariboflavioont 
would find some expression among the lower age groups. The 
complex of kwashiorkor obviously includes at least in a modified 
adult lesions of anboflavioosis {tec Fig*. 1 to 7). The epiae 1 ® 0 ' 0 *^ 
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Wring and the most outstanding clinical and pathological findings and mode 
of death point to riboflavin deficiency as the chief factor in causation. Age 
may account for many of the divergencies between the syndrome of adult 
ariboflivmosis and kwashiorkor It is not unusual to find great differences 
between the adult 3nd infantile clinical pictures of the same nutritional deficiency 
Otteomsha* and rickets, adult scurvy and Barlow's disease, adult and infantile 
beriben are examples of different expressions of deficiency in youth and adult 
Efc respectively Dr Baldwin and I (1946) have illustrated the connection 
between the skin lesions of adult anboflavmosis and kwashiorkor in a senes of 
photographs at a recent laboratory meeting of the Society Some of the 
photognphs are reproduced here and it will be noted that the circumscribed 
hsions of the adult form the nucleus of the widespread dermatitis of the infantile 
*yndrome. I believe that it is riboflavin deficiency which gives to the syndrome 
Hi clinical complexion but beyond this it is probably unwise to try to pin down 
tie disease and its mortality to a single cause.' A tropical child suffering 
from fever diarrhoea and anorexia for 2 or 3 weeks is unlikely to be deficient 
in riboflavin alone. It is suffenng from inanition, protein deficiency, dehydra 
hon and its complex consequences and probably from other vitamin deficiencies. 

It is something if we can recognize and follow the thread of riboflavin 
deficiency through the comp Lea ted pattern of kwashiorkor from the social 
•^ng of the disease to the stage of fatty liver It gives us a pointer in pre 
'■ration. Even if it should be demonstrated that the final hepatic lesion is the 
consequence of inanition and quite beyond the influence of B, -complex therapy 
lt not alter the position from the preventive point of view Already many 
^nkbra, showing minimal signs of deficiency not amounting to kwashiorkor, 
nave been treated successfully with food yeast. 


PREVENTION 

Preventive measures must be based on a conception of kwashiorkor within 
its social setting of poverty disease and ignorance. As all the indications 
pnmt towards a primary deficiency of the vitamin B, -complex, converging 
Particularly towards riboflavin, the first step in prevention is the supply of 
^eap sources of the complex in the diet Milk as a natural source of riboflavin 
^“uld be the ideal solution of the problem, bnt milk is expensive. The pre- 
^ cnce of trypanosomiasis rules out the establishment of herds of cattle in 
^fliern Nigeria. Our recent trials with food yeast suggest that signs of 
riboflavin deficiency could be elimina ted m the lool adult population with a 
ota £ t °f 10 grammes dady The consignment of food yeast which we used 
*** ,ta ted to contain 5*4 mg n bo flavin per 100 grammes. The response of our 
c ° Q vile»cent casea of kwashiorkor to a diet containing this quantity of food 
Jcast suggests that it will be equally effective in children. 
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Summatt 

1 kwaihiorinr u a complex deficiency *tate in every ajpcG of wish 
ariboflmncnn u an out! tin dm £ feature. 

2. The epithelial letiooj of kwashiorkor include those of the adoh 
•rndrome of anbofbvmoiu. 

3 The fatty Over and p re- terminal coma of kwaihiorkor are cjanetenflic 
feature* of experimental nboflann deficiency in dog*. 

4 Sign* of anbofUvmom are *een in 16 per cent, of the adults m the 
local elm from which moat cue* of kwaihiorkor dmvr. 

5 The aetiology of kwaihiorkor n complicated by intercurrent 

and the anorexia and inanition which it part of its make-up lead to tecoodny 
deficiencies. 

6 The complicated and refractory nature of the late itagn empimae 
the necemrr for prereimon. The identification of ariboflannoat* E cm 7 
ttage m the aetiology and pathogen cm should bnng kwaihiotkoc wrthm reach 
of practical prerention by mean! of food yeait. 
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ambulatory treatment of tropical ulcers 

BT 

GEORGE D RE CHER, mj> 

Haiti. 


Numerous methods have been advocated for the treatment of tropical 
uken Stitt a (1942) textbook mention# twelve different type* of local therapy, 
toe more widely u*ed being potassium permanganate bath* n eoarsp henami n e 
P^der, bismuth paste, excision and akin grafting H valuation of report* on 
n>ethod« is difficult because of wide vanation of material and lack of detail, 
report* by McGill (1943) and Beardsley (1943) would indicate how- 
eTtr * that excision and slon grafting offer the best chance of rapid cure 

Unfortunately adequate hospital facilities are the exception rather than the 
role m many tropical countries where tropical ulcer* are one of the major cause* 
« prolonged or permanent disability Confronted with *uch a situation on 
^ southern penmtula of Haiti the adoption of a routine treatment avoiding 
£°*pi talma on and frequent visits to the dispensary was necessary The only 
"cal treatment fulfilling these requirement* is the * occlusive adhesive strip 
prettmg advocated by Thomas Baynton of Bristol as earlv as 1799 for 
talent of old ulcer* of the leg This method was revived by A. Dickson 
'tiCHT (1930) for varicose ulcers of the leg subsequently it was adopted for 
^treatment of tropical ulcers by Sayers (1932) and since then it has usually 
combined with neoarsphen amine and bismuth injections (Mansov Bahh, 


Method 

IILJ! 14 1JT * turroundm^ the ulcer i» shared end the akin weB dried. P ref e ra bly 
le* below the kne* b trested m this fashion. The ulcer is not touched except 
** uzc 40 remove excess secretion if necesssry 
Adhesive strips not less than i Inch end not more thsn 1 inch in width sre well 
over the flame of s kero s en e or gesolme camp stove, to the point of slight bl ister mg 
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of the ntberire. Each ttrip a applied bmnedottJy after bestin* m tbc Ion* axi* of the Etnh, 
or tightly obGgudy but aerrr tn a circular fariuon. Wbenerer po**ible the ukcr rrwiai 
arc drawn toward each other by traction of tbc adherire tha end of an *dhe*rr» rtip k 
applied to the region atxrra tba ulcer and hdd firmly ; traction t» applied mid tba Knp 
then secured below tb* ulcerated area*. SoccrttiTC atrip* o\ crisp iL*btly acd tratatij 
corer the whole ulcer a* well a* 3 niche* of unbroken atm above and bcfcrw and 1 ra 
oo either aide of tbc ulcer With nwit akma or Larpe ulcer*, application of aw or mere 
atrip* in at e rr u p faihion help* to anchor the rrrt of the atrip*. The aid of an Mira* k 
esaentkJ to bold tb* end* of th* ttnp* down until all art applied in order to no*d aippaj 
of the atrip* when traction a applied. 

fS) A circular bandage t* applied ceanplettly corvrina the length of tha ttrip*- 

(4) The dreawn* b changed otic* a week, or exceptionally after 5 or fl day* in cma 
of abundant we r ation or pam. 

(5) Intrevmou* tnrectxin* of oemrTphmamfne (maximum doae 0-8 g ramme ) me 
intrxmuacular tnicctwm of btrmuth in oil (0 13 g r amme hianm th aubaalacyiatt) an *nei 
ooca a week on toe aame day In c**e* in vrbxh treatment ha* to be continued bej end d* 
10th week, biwnuth only b exert from then on. 

Ttu* method w*i found applicable tn all but two type* of ciki . Rapidly iloifb®! 
ulcer* rrere dreaacd with sterile faux* and a pad of cotton or cellukiae kept moot »u « 
pe rmama natc acfution. Injection* wer e given a* detailed a bore, and routine 
uaed a* aoon at the alougli* aeparated. U terra with a corulderablc arooant of inumat 
fleth mint first br acraped. 

Matoual. 

The bulk of our 322 cue* a nitre red the textbook description of program e, 
sloughing, or torpid ulcer* exhibiting little beahng tendency AD but two wne 
located below the knee Their sue varied from 2 to 12 cm. in diameter and 
their duration from 1 week to 12 year*. Two- third* of all ulcer c»es wrre tea> 
in male*, although women were ilightiy more apt to come to the dupenory 

The only diagno*tic problem wtu presented by ulceratire yaw* le««u. 
\ aw* t» almost universally contracted during early childhood in this part °* 
Haiti Survey* of certain labour settlement* found definite yaw* lesion* ® 
100 per cent of the children under 12. Of our ulcer cases, 44 per cent, ihoaed 
•km lesions of yaw*, 5 per cent, doubtful lesions 1 per cent tear* of ulcentnt 
lesions. As a group uncomplicated ulcerative jaw* lesions differ from trofttaJ 
ulcer* by bong frequently multiple, as often located on arms, shoulder*, an 
hip* as on the leg*, by their rapid response to anti-typhihtic therapy *lone 
by being as frequent in female* as in males. However whit appear* to he * 
tropical ulcer may develop from broken-down yaw* lesions transition for®* 
defy classification. Some of our tropical ulcer* might have been dasnfied 11 
yaw* lesion* by other observer*, or by more detailed serological and bacterio- 
logical atudy which we were unable to undertake at the tune. The 
of our cases, bow ever seem reasonably well defined by the above-mentioned 
criteria as belonging to the clinical entity of tropical uker either as a compu c *' 
tion of yawa or a disease on /arm 

RtiULia. 

Altogether 322 cases were treated by the ** routine ” method desed^ 
above 30 of these received food and shelter but remained ambulatory 
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of the time. About one third (114 cases) failed to return after one, two or 
three dressings the average duration of treatment of this group was 10 days 
Hilf of the patients in this group failed to return after a single treatment, 
indicating the unconcern of the Haitian peasant which was throughout as 
frequent a cause for failure to continue treatment as was slow progress. These 
114 cases are excluded from further consideration because of the short period 
of observation. Also excluded are three cases with luxuriant granulations 
^rhich were transferred to a distant hospital for scraping and could not be 
followed up 

Of the remaining 205 cases — ■ 

147 or 71 per cent, were healed. 

58, „ 29 „ lost track of. 

Of the 147 cases healed — 

51, or 35 per cent , healed m less than 30 days 
74, H 50 * „ 30 to 60 days 

10, „ 7 „ „ 60 „ 90 * 

12, h 8 „ „ 90 „ 150 „ 

The average duration of treatment was 42 days , the longest, 147 days 
Of the 58 case* lost track of — 

10 or 18 per cent- were almost healed. 

38, „ 62 „ „ substantially improved. 

12, * 20 „ „ unimproved when last seen. 

The twehe cases that failed to respond to this treatment were 6 per cent. 
°f our group of 205 It is possible, however, that some already improved cases 
tnay have failed to go on to a complete healing as we observed two ulceri which 
broke down completely after initial satisfactory response We therefore estimate 
t b ? probable percentage of failure* at 10 per cent 

"Three of our failures were subsequently healed after receiving the same 
t 7pe of dressing but three mapharsen (0 06 gramme) and one bismuth injection 
per week. Four visits per week is beyond the realm of possible educational 
“chievement in Haiti and lack of control with such mapharsen dosage makes 
^ method unsuitable for routine use, we believe It seems worth trying m 
•elected case*, however 


COMPLICATIONS 

There were two deaths in our senes. One patient died 2 weeks after the 
durd, the other two weeks after the sixth, neoaraphenamine injection. These 
tWo deaths occurred during the first months of our experience, when we gave 
0 45 gramme dose* of neoarsphenamine and no bismuth. The first patient 
Wla reported to have refused or vomited all food offered following his last 
Ejection. The second developed severe oedema nephntic in distribution. 

urine showed only a trace of albumin many leucocyte* no red blood 
COr puscle* Treatment directed toward hi* tone nephritis was of no avail 
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Since then tee have obaerved a good many cues with anorexia, vomiti n g 
and occasionally with oedema, uriailyils showing essentially the p*ctarc 
described above. Blood pressure remained normal. Hookworm utfectiao— 
general incidence of which is 80 per cent, — mu always present in these cues. 
Carbon tetrachloride or tetrschlorethylene in cases of oedema, was invaruHy 
followed by rapid improvement and neoarapbenaminc and bismuth could be 
resumed with no ill effects. We suspect that ncoaraphenaminc together with 
pre-existing hookworm infection is responsible for these aymptoms. Such case* 
as were treated for bookworm prior to ad nun a trad on of neoarephenarmoe id 
not show these complications. 

When originally using n eoa rsph enami ne without stmultaneocs bumtrth 
injections four of our case* developed fresh ulcers below and beyond the 
adhesive dressing These ulcers spread rapidly while the oitgmal ones oftra 
progressed satisfactorily Substitution of bismuth for neoarsphenamu* was 
followed by arrest of spread and later by complete healing One of these eao 
wai switched to 3 mspharsen 1 bismuth per week schedule with equally p»d 
results. Since giving 1 c.c of bismuth subsalicylate in oil to every case u 
outlined above, no such complication was observed. 

A slight folliculitis occasionally developing underneath the adhesive *tnp* 
may be disregarded. It always heals under continued routine treatment ts 


soon as the secretion of the ulcer diminishes. 

It is not unusual for ulcers to increase somewhat in size during the fint 
week or so of treatment, but this seems common to all types of treatment 
(M Anson Bahb, I£H1) Occasionally very extensive sloughing begin* sner 
treatment ts started. Thu process is always self bunted and end results irr 
invariably good, so that we came to consider this type of case as ratber faroorab*- 
In one case an ulcer progressed slowly but stcadDy in sire from 5 to ? an - 
darmg a 12-week period (7 weeks neoarsphenamine 5 weeks mapb*tira 
schedule) With no change in treatment, complete healing occurred by 
Hth week. This case was one of the three failures subsequently cured 


with mspharsen. 

In three cases the tibia, and in one the calcaneus was involved. Ort* 
more sequestra separated completely under routine treatment and c 00 * 1 
easily removed with a pair of forceps, r evealing sound granulations 
bony defect. After removal of all sequel tree thus pushed to the surface, fu rtf)Cr 
progress was normal. 


rrctnurctcn. 

Twelve patients returned with recurrent ulcere. The actual numb** 
recurrences l* presumably higher as no other follow up but that prOTW 
patients returning with ulcere to the dispensary was possible. Ulcers o'*” 
tendon Achilles and ulcere over osteophytes of the tibia are partic ularly PVV 
to recur Half of the recurrences observed belonged to these two tjp'-*’ 
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their incidence among all our cases was only 6 per cent. The osteophytes are 
usoilly restricted to the area of ulceration, indicating that they represent the 
end product of penosteal reaction to a deep ulcer 

Prevention 

Typical tropical ulcere frequently develop from minor cuts and abrasions 
The majority of our patients would not come to the dispensary until their wounds 
hid become infected Since adopting our basic ulcer treatment as a routine 
procedure for all infected wounds we haw not observed any more tropical 
ulcers developing from such injuries 

Discussion 

Thomas Baynton (1799) considered the greatest ment of the adhesive 
■trip dressing to be reduction of the area to be epithehalreed This is doubtless 
of idvintage whenever the ulcer margins can be drawn together by traction as 
described above. Frequently however, the ulcer margins are indurated to an 
extent which precludes an actual reduction of the tire of the ulcer though the 
traction on the adhesive strips may still be of value by diminishing tension on 
the ulcer edges 

Wright (1930) dealing with the varicose ran complex put the emphasis 
°u the re-estabhthment of normal venous circulation Varicose veins how- 
CTCr do not appear to play an important role in tropical ulcere judging from 
our own experience and reports in the literature Application of the circular 
bandage from toes to knee, so essential in varicose ulcere did not give superior 
result* to application from ankle to knee only Moreover even when the 
bandage was applied from the base of the toes to the knee rest was still beneficial, 
while van cose ulcer cases may actually be benefited by moderate activity under 
Unnas paste or elastoplast treatment. 

We are therefore inclined to believe that the method succeeds pnmanly 
because of adherence to generally accepted principles of wound treatment. 
Mechanical or chemical trauma at the time of dressing is avoided reduction 
of frequency of dressings minimis es risk of supennfection. The sterility of 
fiw dressing appears safeguarded by thorough flamin g of the adhesive strips 

The rationale of the anti -syphilitic therapy which has been widely adopted 

based on the finding of Vincent s organisms in many cases of tropical ulcere 
CTC n m deeper layers of such ulcere (Strong 1942) In Haiti such anti syphilitic 
treatment is especially indicated because of the universality of yaws among 
^bildren, the doubtfulness of spontaneous biological cure, and the general 
debilitating influence of the disease 

Chir patients subsisted on nee beans mangoes and yams with some 
b^adfruit and bananas — a diet apparently low in higher proteins and calcium. 
1 oe diet of the 30 patients maintained at the clinic did not differ significantly 
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from that of the other patient*. While the evidence for the role of calmm md 
vitamin deficiencies in the causation of tropical ulcen is conflicting (C n urrm, 
1943 Orb and GlLn 1931 CumeTO 1936) it is probable that better 
results would have been procured had it been poaaiblc to fortify general 
resistance by improved diet. 


StTMMAJtT 

Results of ambulatory treatment of tropical ulcers with neoarsphenannne 
and b tram th injections and the occlusive adhesive atnp dressing are described. 
There were twelve failures and twelre recurrences tn our aeries of 2tb cases. 
The method appears valuable because h capitalisation can be dispensed with, 
the number of dressings is mirmmicd, and * large percentage of relatively rapid 
healing (average duration 42 days) is achieved— three important factors m 
bury field dispensaries with inadequate hospital fadEties. 
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EXCRETION OF STILBAMIDINE. 

rr 

R. WEN rn-D (lond) 

( Biological Division, May Of Baker Ltd. London) 


StHbamidmc (4 4 diamidmo stilbene) used in the treatment of kala azar 
u Q ot *o readily estimated in body fluids as the sulphonamidea, and conse- 
quently its distribution in the body is not so well known. A number of 
investigators have studied the problem, however and shown by fluorescence 
(Hawking 1944) and spectrophotometnc (Fulton and Goodwin 1945) 
Methods that the maximum concentration in the plasma of animals after the 
m **wium tolerated dose is about 40 /c.c falling to 2 and 0 05 /xg /c.c 
^thm 2 to 6 hours It is thus readily adsorbed but a small concentration is 
sufficient for a therapeutic effect The fluorescence method (Henry and 
Grind let 1942) has a sensitivity of about 1 in 5 x 10* and the spectrophoto- 
XDc * r,c method 1 m 2 x 10* A colorimetric method, based on a reaction 
glyoxal in alkaline solution, has also been described (Fuller, 1944) and 
1 iC nsitivity of 1 in 1 x 10* Using the fluorescence method Kirk and 
'iEnry (1944) found* m kala azar patients that after repeated injections on 
* tenute d*y» of 1 mg /kg about 15 per cent of the dote was excreted after 
crirce ejections, and thereafter the rate increased rapidly until about 80 per 
C f nt * of the daily dose was excreted, the total excretion eventually reaching 
*k° ut 40 per cent. 

In these laboratories we have studied (Hampton and MacFarlane) the 
° rirUr 7 excretion in rats employing the fluorescence and glyoxal methods 
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Since *nlmai unne* inhibit the reaction in the litter method a roexfifictoa* 
W** introduced in which the imidioo was first attracted from the urine inti 
butanol, and the extract wu washed with borate buffer at pH 9-0 The coirar 
reaction was performed m the butanol extract, isopropyl alcohol bang added 
to allow efkaent mixing After acidification the colour* were tncamred pb*o- 
metrically uiing a green filter having a maximum tranaramwn at about 530 nut 
A linear relationship was found over the range of concentration* examined. 

It waj thought of interest, aUo, to follow the excretion of 2-»gav> 
4 4 -ditmidino anlbcne, a derivative which la not of therapeutic wl* bat 
which could be estimated, like aulpbonamidea (by virtue of the presence of *a 
ammo group) by a ditxo reaction (Bratto.v and Majmjiaix, 1939). Since h 
la alto itrongfy fluorescent comparative result* could be obtained by two 
different methods. 

Injection* were given aubcutaneoualy once dally for 15 days, and the 
result* are ibown in Tables I and II The doses given were between the 


Tsai* I 

•SSUl-T* WT rUKWWINCT **«> DUXOTWTTCN MSTTM* 



therapeutic and tome level*, aince it ha* been shown (WtC< 

repeated injection* *bore 5 mg /kg In gufneaplga produce fatty degetrt‘* tK “ 

^ ^ hrCT arreted H 

For amino stilbamidine an obnoualy greater amount w** excrewi 

determined by the ditro fixation method than ssi found by the 
method. The total acnJno body wa* estimated, allowance being 
control unne*. The result* confirmed k rax and H rear's (1W4) 
that a progressively greater amount of the amidlne was excreted cm ttiC . 
pen tic doaes (1 and 2 mg /kg) although the proportion was lea* m 
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than that found in man The same was not, however true at a higher probably 
tone, k-vd of 5 mg /kg where the percentage excreted was much less 

Some of the animals did not survive the total number of injections and 
iHowince was made for this m the figures 

The results in Table II confirmed that with a high dose (10 mg /kg ) 
contrary to what might have been expected, the percentage excretion was very 
much less than on a low, therapeutic dose (1 mg /kg ) The daily amounts 
excreted on the two doses, however were similar the mean figures being 
0-08 ± 0007 mg and 0 10 ± 0*01 mg per rat, a possible explanation being 
that the kidney could eliminate only a limited amount of amidine. The per- 
centage of the daily dose excreted was (f) 005 to 4 6 per cent (g) 49 to 88 


Tabu IL 

■multi rr (0 rujorociNUi and (g) oltoial urreon*. 



I* 1- cent and (f) 002 to 1 27 per cent (g) 5 to 25 per cent on the two 
d0K1 respectively, showing a variation which was not large once the maximum 
r»te of excretion was attained. Of equal interest was the fact that considerably 
E®re was excreted as determined by the glyoxal than was found by the 
florescence method. 


Summary 

. * There was a marked contrast between a therapeutic dose level 

U mg /kg ) and ® toxic lei el (10 mg /kg ) in the percentage urinary excretion 
0{ rtdbamjdxne in rats. 

2. Considerably more (in one senes of expen men ts about t w enty times) 
* rnjc ^ ne was determined by the glyoxal than b> die fluorescence method. 

^ By the glyoxal method the daily excretion reached a maximum after 
five daily injections of a therapeutic dose 
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4 A large proportion of ttilbamidine wa» presumably mttabclntd md 
excreted in a non-fluorrscent form. 

The preparation of 2-amino ttjtbamidine u described by Amur ed 
HajoUS (to be published m the Jomnud of tfu Chemical Society) 
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CORRESPONDENCE 


TYPHUS 


To the Editor Transactions 

So, 


of the Royal Society of Tropical Medicine and 
Hygiene 


I hive just read with great interest Dr Wenton’s Presidential Address 
ra ' Tropical Medicine in War and Peace. • 

Id the section on typhus he mentions attempts at protection in North 
Africa, Iraq Persia and other places by the use of a concentrated formal mixed 
nckettaial vaccine prepared from egg yolk cultures by the processes of Cox 
and Craig IE. He states he believes the general impression is that some degree 
of protection has been conferred. 

General impressions may be misleading so in 1943—44 there was attempted 
in Iraq a mass inoculation experiment which it was hoped would settle the 
question. 

Through the generosity of the United States Government, vaccines of the 
Cox and Craigie types were available in large quantities. The British Army 
ruthorttie* alio assisted by kindly allowing certain officers and other ranks to 
trip m the inoculations 

As the typhus season in Iraq is March April, May and June the experi- 
ment was begun in December 

A village m the north of Iraq near the Persian frontier, was chosen. Its 
population was estimated at 3 500 and m the previous typhus season 150 cases 
°f typhus with fifteen deaths had been recorded. 

Between 24th December 1943 and 13th January 1944 there were inocu- 
hted in the village, with the full course of three inoculations, 1 760 persons 
*ith two inoculations only 505 persons , with one inoculation only 2,368 


persons. 


There was no difficulty m persuading the people of the village to submit 
the first inoculation. Indeed, on the 1st day police had to be employed 
m control tbe crowd at the hospital. The number of persons who received at 
k**t one inoculation, 4 633 was gratifying, probably to be accounted for by 
mider-esttmation of the population and an influx on market day*. 

Second and third inoculations were not so readily accepted and required 
to-house visitation and much persuasion. In the last week of inocu- 
kflon persons who had not previously been inoculated received a double dose. 

In the end of June, 1944 after the typhus season, the village was revolted 
’■‘rth the object of assessing results 

The general impression of the inhabitants was definitely favourable. 
011 sides were calls for the synnga, and the children hsd discovered a 

* Vt'cvr-ox C. M. (1945k Trans. R. Soc. trap Mad. Hyi-, 39 3- 
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new toy * hollow cane with a stick for plunger with which they lacked md 
•quirted water from the ditch a. The record* »hcrwed t lowered loadenct a ( 
typhu*, t wen ty three cites with four death*. There were no desthi inrq 
those known to hare been inoculated, but one pitient who hid received tie 
full course of three injection* developed typhus in a teverc form. 

Unfortunately for the experiment, but fortunately for the people, the 
a pen cnee of other village* m the neighbourhood wa* the tatne. They fai, 
indeed, received tome m enure of inoculation, but not by any mean* » nmch. 
It had not been possible, nor wa* it thought desirable, to prevent mocuhtux, 
and the energetic Chief Medical Officer of the Laws used such vacant u he 
hid with otherwise laudable thoroughness. 

Meantime a typhu* epidemic broke out in quite another quarter In the 
Holy Gtic* of Kerbala tnd Najaf in the south- 

Report* were received from the Chief Medical Officers of *evenl Lim 
recording typhui in inoculated persona. There were death* among them, 
including that of at least one patient definitely known to have had the faD 
course of three inoculation* and at a suffiaent time before the beginning of 
the typhu* scs*on for i mm unit)- to have been expected to develop. 

The appropriate verdict would appear to be M not proven." 


bacteriology Department, 

Royal Faculty of Medicine 


I am, eta, 

C. P Burnt. 


Baghdad, Iraq 


CHOLERA AND ANURIA. 

To the Editor TRAMACnoNi of the Royal Soculy of Trof*c*l 

Sib, Hygw* 

In my article. Cholera and Amina, which appeared in these TatM- 
actioxi,* in quoting Cuattebjet (page 232) that “ Somrtme* the cdu 
the [convoluted] tubule* might *how degenerative change*," I 
enthesis 30 per cent in one sene* of case* — the proportion ^ 
depending inversely on the resistance of the epithelial edit of the tuow 
tiaaue- asphyxiation," 

In tbe light of more recent knowledge, thu ahould have read F 9 " 
portion depending on t/u length of tnu of turcnal" 

Moojtf wntc* A ienou* derangement of renal functi on t 
panic* secondary shock [«-*,, coBapse] Tstients wbo survive ^ 

in a atate of sub-lethal shock [collapse] frequently develop the syndrwne 
ur aemi a [anuna] and die of renal dysfurirtioo." 


Sydney 

New South Wale*. 


I am, eta, 


j Wuxa T 050 - 


• Tom*, J W (tW2). That*. R. S*c. trop Mtd Byi-, « 229 
tMocm, V H. (I9H). Bru.AIO.J^ 1 773 
J Du* to tncrrt*. J W T 

ef—w I. Bduk fcjH.1. Q*™. to. 
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I 

Dr H L Marriott I was originally inn ted to open a dlscuijjaa ce 
our experiences in S ELA.C. and it is from this standpoint, rather dm from 
the standpoint of presenting an original contribution that I shall speak. When 
I left S EJ\_C. I published a paper (1945) dealing with the chief medial 
problems and lessons as the) bad appeared to me during the penod April, 
1942, to April 1945 I hare nothing essential to add to what was said m that 
communication. 

During the years of the Burma campaign all of us who were concerned 
with it learned roach. The opportunities for learning were perhaps greatest 
in the early years when difficulties of every kind beset us and when somehow 
order and control had to be created out of what seas prrttr near chaos. Tha 
meeting should be of the utmost value if those who learned will speak forth- 
rightly about what they learned. This time we were granted more than 3 
yean in which slowly and painfully we worked out how to deal with oar 
problems Next time we may be luck) if we get 3 da vs. The development 
of air transport of armies is going to be such that in the next war huge forces 
mi)- become engaged within a matter of hours in remote tropical areas. The 
time to applv what we may hear tonight is aotr I hope this meeting will 
because we scon, be too deeply permeated by an atmosphere of self sjtufwooc 
oat of winch no progress can come 

The primary lesson of all those that we learned was the old one tbit ffl 
warfare in tropical regions medical considerations are of pre-eminent import 
ancc and that the medical services can literally play a match-winning ” p*rt- 
Without good medical work forces will melt away in a few weeks. In l 1 ^ 
and 1943 units of Eastern Army as it was then called, sometimes bad nckne* 
rates of such proportions that practically e v e r y man had gone down with 
sickness and been admitted to hospital mside 2 months. Even m 1944 ocx 
hospital admission rate was, in round figures, 1 000 per 1 000 per annom aw 
the ratio of casualties from sickness to casualties from wounds (in spite 
much heavy fighting) was 19 1 In 1943 the ratio had been 121 I . 

In my view the moat important of the secondary lessons, which 
now be applied, are conce rn ed more with the outlook needed in shaping 
organization of medical services for tropical war rather than with p 3rt *" |~ 
technical advances, important though those advances were. I hope this nsr ®“* 
will not restrict itself to purely technical matters. Tech nica l lesson* 
important but they are easily learned and, in any case, new advances ^ 

them out of date pretty soon. It is no good being technically knowle dge*^ 
if your organization it such that rt does not conform to the reaEues 
warfare and so does not permit full application the technical b nmd e°*^ 
Changes in organization can only be made slowly — the more far 
changes the aknrer the progress. Anyone who has tried to get iiterw-'- 
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made in the establishment* which govern Army medical organization will 
realize the stability of the institution with which he is dealing It 1 * essential 
that rt should have stability but the a\erage war does not last long enough 
to get big changes made I would repeat now is the time to make them. 

I would like at the outset to submit as a basis for discussion the broad 
division into lessons learned about technical matters and lessons learned about 
organization, I shall briefly deal first with the former and then conclude by 
dealing with what seemed to me to be the main trends which should govern 
reorganization of military medical services for tropical warfare. 

Technical Lessons 

Our chief problems were malana, diarrhoea and dysentery sprue 
syndromes, anaemia scrub typhus skin diseases venereal diseases 

Malaria was the greatest problem of all and caused about half of all 
sickness. In its prevention the chief lesson was confirmation of Hamilton 
FaihLet 1 ! epoch-making work (1945) on the efficacy as a suppressive agent 
°f 0 1 gramme of mepaenne taken every day without fail it caused a remark- 
able drop in the incidence of sickness from malaria. The value of DDT was 
becoming demonstrated in the closing stages of the Burma campaign. We 
alao relearned the importance of the old principles of avoidance of native 
*reai at night and of personal protection by nets clothing and repellents. So 
f*r a* treatment was concerned, our experience demonstrated the value of the 
1 week of all mepaenne treatment It had also the ment of maintaining 
without break, continuity of mepaenne prophylaxis. Wc did not I cam how 
to cure relapsing B T malaria but we did learn the proper attitude to inculcate 
u* regard to it. 

Eharrhoia and dysentery were our second greatest troubles and caused a 
hospital admission rate of about 100 per 1 000 per annum. The vast majonty 
°f minor cases did not get as far as hospital Few men went without one or 
morc attacks of diarrhoea Of total hospital admissions, the proportion of 
Clsc * which showed Entamoeba histolytica was about 20 per cent. It seemed 
water might be the chief mode of spread for both bacillary and amoebic 
dysentery It was noticeable that the incidence of bowel disorders was always 
highest in the monsoon seasons Jungle warfare confines men to a few roads 
0r hacks and they perforce defaecate at the sides of the tracks causing very 
h* 3 ^ ground contamination nun then washes organisms into every stream 
pool. When on tour of forward areas I made frequent observation and 
cr *hary m regard tg water purification and it was obvious that a great deal 
°f unchlormated water was being drunk. In any case, ordinary chlorination 
did not kill amoebic cysts it is essential that some reliable method of water 
Purification shall be found which will kill these cysts The most useful measure 
ln diminishing the spread of baallary dysentery was very prompt use of 
^dphaguamdine which quickly cured men and so prevented them from con 
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require to be honestly convinced of the vital importance of the rartwm 
advocated. The need a to" pot over the simple es senti al fact* to ill tasks 
as vividly a* possible bv meana of keturct, demonstration*, leaflet* *nd film 
Unending repetition f* essential. We could have taken a kswm from tie 
excellent sdcunty propaganda about “ careless taH, H etc. Now 1 * the tane 
to get implied education in tropical hygiene estabGshed a* part of the shot 
Army a routine training— a* important a* fighting training. One of the naoc 
important sections in any medical dir e ctorate should be a section for expert 
propaganda. 


roJtWA*P TJtEATMIXT 

It has been pointed out that most of the main diseases can be cured mthra 
a matter of days if treated efficiently at their beginnings The corollary of thr* 
i» that in tropical warfare treatment should be organized on a forward b*n* 
and not on a basis of evacuation of cases to base hospitals. 

Milam can be brought under control in 2 to 3 days and cured witha 
a week. Bacillary dysentery can be cured in a few days Sim diseases, u) mrnt 
instances, can also be quickly cured tf tackled at once. Venereal disease* an 
be cured by penicillin tn 24 hours for gonorrhoea and a week for syphiE*- 
Thrse conditions, taken together constituted three-quarters of our tool hosptaJ 
admissions. The place to treat them is where they arise or a little m rear of 
where they arise In this way not only are men promptly cured but they do 
not waste day* ot weeks m travelling they are not lost to their units and tbor 
morale ts not sapped by removal from the fighting area. I woold . 

for future ware in the tropica we should organize to treat 75 per cent, of medi 
casualties (I do rot refer to surgical cases) In hght mobile forward medxm 
unit* attached to corps or divisions. This was achieved in S.E_A.C. l0 _ 
to malaria by the forward malana treatment unit*. Provision of base hosprtai 
beds, outndc the operational area, should not be for more than 25 pC ccnt 
of the expected cases of sickness. , 

If good work is to be done forward, then tha pick of medical 
must be forward — not working in base hospital*. The further forwanj^ 
medical man is working the more it be putting men quickly back od® 
fight. The further back be is the more he will be dealing with ’y*’ 
complete or partial wnte-offa H as far as further fighting t* concerned. _, f \ 
* large proportion of the best doctor* (again I restrict my remarks to php* 
should be working forward. 

hcimentax medical omew 
The most forward medical officers are the ILM Os and, 
they are the roost important medical offi ce rs in an army A really B 01 ” 
inspired with the importance of his function, can do *n immense 
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regard to both prevention and immediate treatment A dud will just ait about 
feeling sore} for himself that he is not doing something which he thinks more 
important, 1 1 working m a hospital The first-class R.M O finds it a full- 
time job and is untmng in maintaining the hygiene and morale of hi* unit 
and in watching for and treating at once the beginnings of sickness. It is 
e»«mal that a tradition should be created that fostirs the importance of the 
RALO A reform basic to such a tradition is that at least half of"all R.M O.S 
should be majors \s it is, the good R.M O is blocked for promotion and 
dnven to aspire to become some sort of specialist. * If he is really doing 
hi* job he is a specialist — a specialist in man power conservation. 

This time last > ear we were all out there and looked like being there for 
Jtars^ Now we are back and at our old jobs It might almost hare been a 
dream, but it was no dream. Many of us mil often look back on those days 
w the most significant of our lives and the times m which we learnt most 
*hout life \U who knew him well will regret that we have not here tomght 
Major Gen. Treftry O Thompson who was D D M S m Burma during the 
retreat, then D D M S of Eastern Army dunng the hard years, then D M.S 
°f Uth Army Group afterwards A.L.F S E.A. He was there in defeat and 
he stayed till victory Those who had the privilege of workidg for him consider 
that the ultimate success of the medical service* in S.E.AC was largely his 
triumph— a triumph gained in the face of every kind of difficulty 

rhv*encis. 

Fahlit N Hamilton (19-15) Cbrawtber*p<ui>c suppressjeo and prpphyicn* tn 
Treat R. Soc. trop Med Hyg 38 311 

MAaaicrrr H. L. (19-15) Medical problems of South East Asia Command Lancet, 

1 679 


II 


Dr Ian G W Hill As one devoid of training in tropical medicine, apart 
from the experience gained in war service in the Army one rises with some 
*ffidence to speak before such an audience in Manson House It may be, 
however that some of the aspects of our work in South-East Asia may prove 
jf interest to the Fellows of the Society and it is in such a spirit that the 
following remarks are offered for your consideration. No attempt will be made 
^ the wide and varied field of disease as met with m that region but 


^ subjects will be selected for comment — 

(!) The trend of sickness rates dunng the latter part of the Burma campaign, 
analysis of the reasons for the low total sickness at this tune 
(ii) Some remarks on scrub typhus met with m localized epidemics, and 
effecting a considerable proportion of the troops exposed in affected areas. 


General Trend of Sickness Rates 
In this and the following paragraphs the figure* ore for the 6 months 



46S wrmcxL rxrtarctcEs is -nrc *octh rarr a»lA coxmasd 

October 1944 to Much, 1945 ctnrtnrtg the penod of the ldrxnce nwtlnrtiik 
from the Impbal end Tamo area into the plain* of Burma north of the Irrrraddj 
and beyond- By thu time the lc*aon* of prevloui year* had been learnt tad 
appGed, and the chaotic condition* quoted by Dr MAjoaoTT no longer prcraled 
The barveat of reduced aiclneaa then reaped m due to the unremitting effort* 
of the medical temcea during the preceding 2 yearn. 

During period* of hard fighting (February March) medical cxnalnej 
outnumbered aurgical by nearly taro to one, while during qtriet penodi medial 
cares were anything from twenty to aixty time* a* numerous a* rurgicaL (Sec 
Table I ) 

Ta*lx t 
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In the 6 raontha October 1944 to March, 1945 the total medical moato 4 * 
month by month fell by nearly a quarter despite the fact that larger comber* 
of troops were engaged, and the «ick rate per thoimnd per day feQ ora 
three to approximately one The last low figure was maintained wcBoa#* 0 
the hot weather * / the total ajckneaa for A-L.F S fLA. at the end of *f 
1945 waa 1 19 ooo per day and In »o*ne mdiridoal formation* It to* niaca 
lower 

Analtiu ot Rato or iNcrorsrr or Majo« Ca cm or SrctsB*-^^ 
The figure* m Table II are derrred from return* of adtmuioc* “ 
unit* in rear of field ambulance* (Lt-, casualty deanng iHtiom, forward 
treatment unit*, hospital*) for the quarter January Match, 1945 m u* ^ 
of 14th Army and it* aupporting troop* (L. of C. Crnumand). 

•cen that malana, diarrhoea and dysentery and akin dl*e**e* togethCTCcn^''- 
*ome 45 per cent of all medical *dtm**ioo* to auch unit*. It would ^ 
able therefore, to seek in the figure* for incidence of these ditcMtt* 
to the fall in incidence of total wckncw recorded abore 
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Table IL 

ANALTtO or tKDnriDCAL DUKASES. JANUART TO MARCH, 1943 



14th Army 

LofC C 

jrmnind. 

Incidence. Cue 

morality 

Incidence. 

Cue 

mortality 

MiVns 

Cerebral malaria 

Black* aler faro- 

MO • Oil* 

Very few cn*e» 

Nil — 

33 7 1 0 21 *-' 

Occauonal cua 

1 cue (fats!) 

and dysentery 

Amotbottu 

70 ' — ' 84% | — 

— . — | 30 8* of til diarrhoeas 

Skii dutuM 

10 0 — II 7 1 — 

1 


Accordingly the incidence rate* (per 1 000 men per day) for these three 
of disease have been analysed in Table III The incidence of skin 
dlIC «« shows a fall from 2*03 o/oo per day to 0*87 o/oo per day t* to ttvo- 
fifth* of the original figure that of malaria from 1 15 o/oo per day to 0 30 
°/°° per day t e , to approximately one quarter and that of diarrhoea and 


Tabls III- 

«ATm PI* 1,000 MCI PHI DAT TOR A.L-TJLI-A. {nCXDDINtJ CZTXXm) FOB THRU 
MAJOR cuaa OF IICKNKai NOVEMBI* 1 M- 4 -S 1 AROI 1 W 8 . 
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dysentety from 0 18 to 0 1 1 o/oo per day /./ a fall of over one third. Among 
t ™ P°«*ible reasons for *uch reduction* in the rate* of the prevalent diseases 
r * nou * factor* must be considered. 









■470 


MEDrcxL rrrrarcvcxa tv tht loan east a*ia coxojurp 


Skin Dukaso. 

In the ate of akin dr*ea*a, reason*! and dmutfc factor* undoubtedly 
played a major role. The ringworm infection*, fntcrtngo*, and infected pnekty 
hat ca*a reached their peak annually toward tht end of the rum, and a M 
in incidence during the cooler and drier winter month* w** usual. 

Dtoxtt*t ANT> DlAJOUIOtA. 

The diarrhoea] diaeaae* also normally decreased strikingly in prevalence 
during the winter month*, but in the early month* of 1645 the expected animal 
riae with the coming of hotter weather did not matenalue. The figure f * 
the end of March wai only Oil o/oo per day and at the end of May the figure 
•till rtood at (hi o/oo per day During the early summer of 1645 the troop* 
were engaged in hard fighting in the plaint of central Burma, water wppBw 
were often difficult, and hygiene standard* had not ipprecobly changed fn*» 
those m preceding year*. } et the incidence of donhoeal d leases remained 
at an unprecedentedly low level. Thi* lessened incidence appear* indiapattdly 
linked with the uae of tulph* guanidine. The drug became a reliable in qnairtril 
in September 1944 following the initiative taken by Dr \Ia*JUOTT in 
for *ever*J million tablet* after hr* review of the d era* fating incidence of *i*u 
direases m a diniion after the Itnphal battle. In September 1644 t he i re d a** 
figure for dysentery and diarrhoa wu exactly the aame a* in the corrtapoftmaj 
month in 1843 By October a aignificant fail had occurred, and by 
the incidence had dropped to one-half that in November 1643 Throughout 
the winter 1944—1645 the incidence remained at approximately 50 per cent, 
of that in the previous winter The moat significant point vras that the npd 
for April, May and June 1645 showed no trace of the great increwe o* 
these month* in prenou* year*, the rate remaining at 0 1 o/oo per day * 
one fifth of that in the same month* of 1944 r^ 

Every effort wa* made to treat cues of diarrhoea and dysentery *® 
forward a* possible Unit medical officer* were given adequate lupphet 
drug and encouraged to u*e it in full do*e* in all axes of diarrhoea. 
result* seemed amply to justify the*e measures, and are comparable to 
quoted by Bng Haaiiltox Faijuxt law year when he reported 
opjmon of many A uatraJJ an authorities aulphago an ld m c saved 
Toxic effects were not reen. The only drawback* to its u «, more 
than practical, were (a) that the drug might deprcaa the bin-tynin^^ 
vitamin B in the gut, and (5) that case* of amoebic dysentery ought 
Ag*in« the first objection it may be stated that gro*> vitamin B 
had been seen in cases of chronic diarrhoea btfott sulphagu*® corc 

available for treatment, and were due to malabaoTption from the j 
or arrest of the diarrhoa i* a preretjmaite to absorption of the vi nodihle 
ingested with the food or aynthenxed m the bowel. With regard 



IAN C. W HILL 


471 


making of amoebiasis by the drug it was held that careful aideroora work, 
*rth microscopic examination of fresh stool* from all diarrhoeal cases in field 
imbuhnces and unit* in rear would prerent undiagnosed caies from returning 
to doty (Note that during the period March-No vernber 1944 case* of arooe- 
tou» constituted 18 75 per cent, of all dysenteries in 14th Arm\ ) 


Malahia. 

The fall m incidence of cases of malaria wa* also doubtless influenced to 
*«oe extent by seasonal factors, but was much greater than had been recorded 
w preceding years, and as with dysentery the expected nse with the opening 



^ the tram mitts on season did not occur For example at the end of May 
^5 the rate was only 0 35 per thousand per day 

Figures of incidence for 1942 are not available, but all the evidence show* 
7** they must have been extremely high. The figures month by month from 
1 «3 to early 1945 when the campaign came to an end, are charted in the 
graph. It vnJ] be seen that in 1943 the peak was reached in May and 
'TOth rates over 2 5 o, oo per day, while the winter level ranged from 




472 MtBtcAi. Exraarvou ix tbt? *octh ea*t ajia coaoiwd 

1-0 to 1-5 o/oo per tfiry In 19-14 the winter levrir were lowtt 05 in tbe red? 
roonthi, cid *g*in m November tod December but m September mi Ootte 
the rite m over it) o do per dtp the rammer level re*. oeer 2-0 oJ» per 
dev m thi* rrer Throughout the fint 5 month* of 1W5 the r«e> teemed 
«t 0-35 or tea. The contra* between April end May of tbit jear end tie* 
month* of 1W3 *nd l&H Bribing 

The .brupt fall >n madettce between October and November 
coincided with the enforcement through Staff channd. of the 
from theeapenmenu of Bng Hunvrore Faiuat and to coOeague. 

At that time *emor exccotrve officer* accepted the vrfar that atom FererW* 
through mepaenne *uppn3iton ww not * m«Cc*l reip«inbibty 
be enforced bv coroncmding officer*, who ahould be hdd lespoan 
malana rate* in their formations. Mepaenne wppresakm hadjvomu^ “T 
m cte for many month*, but itt ngoroua ipplMStioo throoth 
channel* ccnaded with the *tnfcmg fall in incidence recorded in Uie r^- 
A* a co ro Harr there «i a marked drop in the incidence cert 
and. in the whole of 14th Army *nd the ll of C Command 
ca*e of biackwatrr fercr m the 3 month* January to March, IW 

The figure* charted *re fur the A.L.F S.E.A. fotw****^ 
vidua! formation* showed in acverd instance* curves * _ ^ 

reproduced, and one corps in particular fighting m a h&T 
in which tratumuHon was proven to be occurring during *P 
Hd , tore! incidence of one b»ff of the A.I-F.S.KA. figure 
day Conversely other formation* had higher rate*. jL, n -35 o fee 

Indian Division when the incidence for the Army a* • cgruw* 

per day returned figure* of 1-93 0,00 per day one brigade 
had a rate a* high a* 15 o 00 per day The rate* for the ^ ^ 

in the corp# were 0 24 and 0-30 0/00 per day that or __ ___ terpens* 
the bad dmnon, wt* 0-27 0/00 per day T**^ ® joddeoee *wl 
level* showed -the usual close correlation between hig ^ cto? 

low urinary excretion of the drug A ction i n this ca»e wa* 
commander following the Australian precedent, mveo to d* 

Some of the credit for the decreased relapae ratc _®. , Qr ^ tina c**'*- 
institution of the 7 -day Mepacnne-ocly ^ ^epaem*. 

Under the original regime of 2 day* quinine, followed py nyanh* 

Sip rat .red 5 top. pamqutnc mere 6 ^“^ JattaWf * 
on end on an endless tour of hospital*. eottvaleacttu end 

camp* and back to hospital. Such men on discharge ^ mrpxrf* 

w » «-P«™ fur 5 7 toe, 

blood levels. In such a rate, relapse rmght be vxV**f 

uon. On the mtrodnotwn of the acre roo^ff^V, rf 0-3 gnuto* f * 
in h>gh douge (2 dip* of 0-9 rf^pprewte dtto' 

British troop*) and followed at once by resumption 
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(M gramme per da\ till discharge, the blood mepacnne level remained high, 
or if previously low was reinforced and relapses immediately on discharge 
became un usual. The reduction in man wastage was very marked, and the 
■ffected individuals came to realize that their disability had been conquered. 
There is no doubt that for troops serving in an endemic area attempts to 
treat to core with combinations of mepacnne and pamaquine are unwise 
^capitalization of individuals is prolonged mepacnne suppression is broken, 
** shown above, untoward reactions to pamaquine may occur and the men 
gain a false impression of the senousness of their infection 

Incidence of Scrub Typhus Cholera and Smallpox. 

By contrast with the widespread prevalence of the disease* discussed 
*bove, other individual diseases played a minor role in the production of casual 
***** Table IV shows the absolute incidence of three such diseases dunng 
the 6 month s penod already renewed 

Tabl> IV 


ASBaurrs rxcn^xc* or less common diseasu rm jjo'mt, for I 4th a*mt 
(except ttthu*, ro* altala.). octomh 1M4-ua*ch 1&I3, 



Oct. 

Nor 

Dec. 

JMX 

F«b 

Mar 

lypho* 

728 

878 

530 

S91 

40 

37 

Smallpox 





— 

5 

10 

no 

CfroUrm 

' 

- 

" 

About 20 to 30 cam* 

monthly 


SMALLPOX AND CHOLERA. 

Smallpox was encountered as a aenou* problem among Burmese villagers 
»nd refugee* at the time of the Irrawaddy crossings and there were fear* that 
•pread to our troops might occur The low incidence which actually occurred 
11 tribute to the efficiency of vaccination among large bodies of men exposed 
risk of infection. So with cholera sporadic localized outbreaks of 
* dozen cases occurred among the troops without spreading in any instance 
toj tsmme serious proportions I mmuniz ation against cholera was practised 
001 tbe great emphasis laid on control by hygienic methods without doubt 
“ntributed largely if not predominantly to its successful suppression. 


BCHUB TTPHUB 

The die-away of the winter epidemic id 1944—1945 i* seen in the 
Table IV The disease was met with in localized epidemics limited 
to ^ lrCaj ° CCo P lc d by certain formations, and was markedly seasonal (July 
0 Jsnuary) in incidence. It affected considerable number* of the men 
CX P° v d in affected areas and m one corps there were 1 300 cases notified in 
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tf* 3 month. July to September 1M4 Though by ct>mp.n»n with rata, 
•nd dytattery the tout number of cue. m .null the ditaue curted ■ ieerj 
moetilit. end w*. much dreaded by the men. 

We mere fortunete in thet • greet deal of cereful truck on .11 »p«»“ ™* 
dueue vrms cemed put. The climc.1 feeturt. m > Urge ietM .of 1 <*» “» 
hive been repotted recently by TatTOO-UJ, »»d ««w*l “f 1 " 

.Uo been publi.hed. Colonel Site*, the A.DT of U* A™f “ “ 
time led • very careful invruigation into the epidemiology .howuig 
efiseare up nca red along the jungle track* around Iraphal *no 
the ksladan The extreme local natron of infected area* 

The M.R.C Scmb Typhus Research Team, with Dr Lrsv-mwwn n# 
Field Director was responsible for a great deal of detailed work on “f .. c 
ologr sector transmission etc, and doae baiaon "*» maintained . . 

Andean Typhu. Research Team, led by Colonel MOT* 

Audt s work with the M R.C Team pm pointing the foa m _ _ t 
eorrtUung these with the type of vegetation, ha* been most interesting 

valuable r ^n to 

With the cooperation of worker, in vanoui Uhotatone. I™»' 

Egypt England „d Amene. W> h» .h«™ fZ’ 
disease as met with in thu area with tsuttugamushi fever aiooa rp r 
agaumt the various strain* of B prolnu showed high ut "* ittrtufifl^ 

strain agglutination test* with rickettsial antigens * ***“' fnatioc «** 
agglutination with epidemic or marine strain* and complement irU!r m, 
by TorrtKC on convalescent sera showed high litre* sgamst the P 

The fall in incidence m the disease recorded in the bJb® nmtt^tx 
was probably seasonal, though bj that time mess ures of^ ^TL\ c njcwt»- 
b> dibunl phthalaie were in use and troop* were fully DP** _ r _ jy . *** 
A controlled expenment on the efficacy of the Fuhaa cotl ° D ~ . .^ooi 
planned for the landing operation* in the late ^ txoyxu^ 

of the atomic bomb* and the conclusion of the armistice 
observations 

Co.xcu.tij ox 

n a hoped thn thu review may yield »“ idea of 'he tae <* 
encountered in the Utter part of the Burma campaign, 
them. To my mind, we were reaping the benefit of k»cm* ,, jjm ee* 
earlier phase* of the campaign and of the hard ^otk freefr used, 

dunng the preceding yeara To mepaerme and sulphagusn* ^ ^ credd 

and enforced in the care of rnepaenne by executive oBsccn, ^ * 

for enabling an army to fight through country not on y 

total sickness rate in the region of I per thousand per day 
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Dr J C Htwksley I dtd not join South-East Asia Command until 
April, 1945 bj which time thing* were stnkingh different from the stages 
of the war that Dr Marriott has just described listening to hi* rein* rks 
brings home the great effort* that had been required to bring the medical 
»em cea up to their 1£45 pitch The effect* upon malaria and *crub typhus < 
of well-controlled suppressive mepaenne and of DBP were specially significant. 
White diarrhoea and bacillary dysentery were being dealt with more and more 
by forward units the satisfactory control and treatment of amoebic dysentery 
Mas lagging behind a shortage of E B I was at this stage causing us to rely 
innamoKs upon emetine hydrochloride The visit of the Consultant in 
Physical Medicine to the ar Office in May enabled discussions to be held 
upon the need for improving the staffing and equipment of convalescent depots 
In June, after the formation of 12th Arm) the medical aspects of 
Burma became largely those applicable to an army of occupation wi t e 
exception of the south-eastern parts where the fighting continued As res 
areas were entered, occasional areas of infestation with scrub typhus continue 
>o be encountered. The tmib typhus vaccine did not attire m bouth hast 
Asia until after hostflme. had ceased, and the original plan for its “nmiUed 
use had to be modified a new scheme (in the hands of Lieut -Colonel CARD 
RJl MX ) will it ts hoped, enable aoroe assessment to be made of its '““T 
The State of the Japanese prisoner, talen in July and August by 12th 
Army illustrated how completely their medical services ^ 0 . 

Cher 80 per cent, had malarial parasitaemia and diarrhoea was Me A 
parachute- drop of medical supplies which the Japanese inadvertent ) re ea 
twer our territory might have been expected to contain concentrate *upp es 
Of valuable drugs but by fir the bulkiest item consisted of bottles of recon- 
stituted Carlsbad salt— presumably all that they could send to their forward 
troops for the treatment of dysentery There mu. a small supply of more 
useful drugs including « little emetine and some aneunn the aneunn was 
w ampoules and proved potent when used to treat cases of benben amongst 
the Burmese in Rangoon. , , 

The suddenness of the armistice in August necessitated quid action m 
the organisation of relief for our prisoner, who were scattered over a icry 
mde .rea, whose number, were imperfectlj known and w cne n rn onns 
of medical supplies were not known at all The speed o evac 
Bangkok and Saigon to Rangoon and other similar places made it nccc *“T 
ao to divide up the .variable essentials for treatment that adequate 
“aid be dropped or landed m place, still in Japanese h«ids wtulst the lng 
ttcemng .real were gtven an adequacy The pnnapal .meet, ™ 

■tores were over-.upplied by air to places from whence they could not Ire g 
Bad if more urgeody needed elsewhere a few days later The medical ofEreta 
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The mam deficiency daeases seen during the occupation were 
Btribm. Cardiac and neunfcc 1 

Glossstu and angular stomatitis. j 

u Granular cornea " and interstitial keratitis. { 


Retrobulbar nrunti*. 

Sore scrotum. 

Eighth none deafness 
Painful foot ayodrotne 
S panic paraplegia. 
Encephalopathy 
Pellagroid akin eruption*. 
Lorr platma-prottin oedema. 
Malnutrition diarrhoea. 


I All attributed to dcfiaeocy » 
C Vitamin B complex 


Anaemia, 

The ***ocutton of retrobulbar neuritis, 8th nerre deafness »nd , P JC * : 
paraplegia, hai recently been regarded a* a syndrome but one qucuwci 
whether it was anything more than a coincidence 

Of other diseases malaria wa* not a* aenoo* a problem on Sinftp ”^ 
Island ai it nu »n Sum dvsentery especially amoebic dysentery on account 
of the extreme scuraty of emetine caused much Dine** and diphtheria, roar 
than half the cases of the cutaneous variety in some outbreak*, w** * 
problem, Cutaneous diphtheria am often due to a secondary infection 
** sore scrotum mentioned above 

The prisoner* evacuated through medical channels, as we saw t 
September 1945 feD into two das*e*— the great majority *bo woe wi 
evacuation by h capita! ship and a mioontr who were seriously iB. Qr re __ 
remember that most bad already been on a better diet for several 
we **vr them. 7 "he majont) were severely wasted, with sallow 
and sunken eyes Moat of them had tome weakness of the leg* lcr 'j T 
absent tendon jerk*, and many had swelling of the leg* and ankfeh 
due to low plasma protein oedema rather than to beriberi. Most had o 
tears oo their legs, and many had septic sores or frank tropreal ulcers. 
ness of the bps and some scarring at the angle* of the mouth w** 
universal. A large number had some degree of diarrhoea, and * 
portion had visual defects of varying severity following retrobulbar 

Aidoogst the severely ill patient* * few bad ^«diae_ 

with acute heart failure. Some of them died and acme recovered. ^ 
treated with large dose* of thiamine intravenously *®d m • DIDC ii mjlantn- 
digoxm in full doses. A larger group suffered from gross 'vastmg ^ ^ 
tjoa di*rrboea,“ and usually some oedema. We *oon learnt the dst^^ CJ ^ J . 
form cf transfusLoo, or of any incautious additions to the r*f *ai the 

It am difficult to make some of them take any food at all by ^ thc«. 

starvation appeared to have reached an irreversibk stage, out . 
who were persuaded to drink three op four bottle* a day of a proton r“ 
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of Indian manufacture — something of a feat, for the preparation wa s very 
unpalatable — improved quite rapidly The last group of severely ill patient* 
co runted of Indian* with advanced pulmonary tuberculosis, many of them 
dying. For them there was evidently little or nothing to be done, beyond 
measure* to mike them as comfortable as possible 

RCFERENXX. 

Mauxott, H. L. (IEM5) Lancet, 1, 679 


Discussion 

Dent -General Sir Alexander Hood* I came here tonight to listen I 
did not come prepared to speak, bat I am very glad to have this chance of 
Wing a tribute to the consultant physicians whom you have heard here 
They did a really first-class job of work under the most difficult conditions 
They were working with shortages of personnel, shortages of drugs shortages 
of transport and under conditions which had to be seen to be believed You 
wll understand this when I tell you that m order to make a road in some parts 
of -Burma you had to import the stone from overseas mostly and there was 
probably only one month of the year when you could make the road. In a 
J«p it took me once 3 \ hours to do 8 miles, so you will understand some of 
fiic difficulties they were up against. Brigadier Marriott gave us some ideas 
about organization and I would like to comment on that First of all wc 
^re not equipped or prepared either with men or with materials to fight 
m °re than one war at a time, and we had to give priority to the theatre which 
everybody thought most important at any particular given moment. It was 
Sm of aJl the Middle East when we had to put everything we had in the way 
personnel and equipment into Montgomery’s 8th Army Then it 
North Africa and Italy and we gave them everything Later it was 
North- West Europe, and lastly came the 14th Army which had been 
afi that time to become first priority The time came when we were 
able to give everything required, and you see by the fall in the incidence 
°f disease that they got aD they required and they made excellent use of it. 
Brigadier Marriott made a point of the importance of hygiene officer* I 
none in my admiration of their work, and the Army i* indebted to 
’Bern for all they have done but what Dr Hill said, and the chart he showed 
£»bcata that what is required is to mail cate into the Commanders in the 
dd the necessity of hygiene measures before they can be earned out. That 
*** °nr greatest difficult} and while Brigadier Hamilton Fairley s work m 
A Ultra In wai » magnificent effort, even greater was the fact that he was able 
convince the Commanders of the Australian Forces. It was not nntd he got 
* Director General Army Medic*! Services. 
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it pot over to the Australian tuS that it became a court mortal offeree fee 
■ commanding officer to have more than a certain number of .nulir a cases ja 
hit mat, and that if the figure was above that he would be antomahafly 
removed, that the rate fell W e knew roepaenne would pvt food remits. We 
hid tried propaganda of all sorts with no great lucre**, but when Bnp6f* 
Hamilton FaiUXT got it over with the Command of the Australian knar 
we got mult* When I went oot at the end of lfM4 and Jlared with Corps 
Commander*, 1 *raa astounded at the knowledge they had of malaria, nrpatro* 
loti* m the blood, excretion in the unne and everything elw. They pot it 
*crcm and there ra a terrific fall tn the madence of miUni Before the 
Supreme Commander in Chief South East Ana Command, went out to ht* 
Command the three Director General* of the fighting aemcei met fans *rd 
talked to him round the table We told him that he not going to fight fix 
Jap* but mabna and other tropical diseases, and that hi* Chief Staff Officer 
vra* hi* Director of Medical Service. He was very much imprewed, I '' nS 
very much delighted to hear the tribute paid to our old fntod General 
Tuormr O Thomwon I aaw him at the end of 1942 when be had jo< 
come out of Burma after the retreat which was one of the greatest diucm 
that befell *nv of our troop* m the whole war I aaw him again at the eci 
of 1943 and went all o\er Burma with him. I agree with Brigadier M.UMOTT 
that no man did more for the Bn tub Army than General ThoMWV 

Colonel J Bennet 1 w*» just thinking of the enormous cwnplvurr of 
this subject. An indication of thu a given m the table ooe of tbe rpald 
has *bown on the screen. In some case* a single item from the loa difroc* 
luted would provide matcnal for considerable discuss rod, and I would 
that this be deferred until an occasion providing adequate time for a foB re ^f 
a presented. I would go further and say that tome of these cooHtjens, 
as protein deficiency oedema, roerjt an evening $ cSscuswoo devoted »°*°* 
their elucidation. Critical levels of food factor* m the <£*t h»w be 
m rrlatioc to existing condition* Amongst these the compel*** 1 to 
work seems to hi\e been one of the most potent factor* in p™** 80 ”* 
profound stile of ill health reported m some of the group*. Bat *D 
study in the light of the tot*) anting situation, diet, co-em* 00 ? due* * 
cotnpuhnoa to hard labour and I fed that one could do do more than 
any of the problems bv msmg them now I suggest that the tnattef 
be subdivided and dealt with io part*, a full evening a di*cu*tt<» being “ cVfllE8 
to each. 

Dr E A Baonet One topic which has not been referred to in 
of ditotirvra, namely the madence of psychiatric disorder was * ^ 

great difficultr in the early stage* of the campaign in Burma and a 
numerous casmltie*. Many patient* thought to be suffering fn*n 
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or psychosis because they presented psychiatnc symptoms were, on mvestaga- 
turn, found to be suffering from mo Lana, or that mala n a and/or some other 
condition was a complicating factor in a psychiatnc illness. This is of 
napOTtance in a survey of illness m the tropics 

We made it a rule — I think it important — that every patient presenting 
Fyciuatnc symptoms must have a physical examination and that the blood 
mmt be examined for malarial parasites. We had difficult} m enforcing this 
•ad in ceruin areas an order was issued that the medical officer mu st initial 
* statement that these examinations had been earned out. There was a 
tendency — not restricted to the tropics — to forget that a patient with psychiatnc 
symptoms might have a physical illness if a patient exhibited psychiatnc 
*pBptoras (particularly of conduct) Some M 0.s seemed to think that neurotic 
symptoms always stand alone, and that no investigation is needed- Mixed 
Con ditioiu were the rule rather than the exception. 

Dr Marriott referred to organization. The campaign m Burma was 
conducted in difficult country, and this necessitated a special psychiatnc 
0r g*oix*tiGn which was unique m the British Army each division was provided 
with a small psychiatnc unit consisting of a psychiatrist, one or two specially 
tamed orderlies and in certain divisions a motor truck. A supply of drugs 
10 d other equipment, suitably packed, was provided. This provision of 
Divisional Psychiatrists worked well in practice. It is worthy of dose con- 
tention in the medical planning of a campaign in tropical countries — or 
teed m any country The psychiatnc casualties in Burma were very high 
m 1942 and in 1943 In 1942 there were no psychiatrists working on the 
kdo-Burma front. In setting up an organization for this campaign and for 

ttoops m India, we had, therefore, the advantages and disadvantages of 
tailing from scratch- In 1943 and 1944 the psychiatnc casualties were dealt 
»ith far forward and their number was much reduced. From first to last we 
rw *iTed the full support of the D M S in India and of Major-General 
Tieftrt O Thompson who was successively D D M S of Eastern Army 
Dth Army Group and faaally D M S of A.L.F S E.A. The organization 
< k*cribed had also the support of Corps and Divisional Commanders who 

in a position to estimate the benefits resulting from it, particularly m 
fr* wvmg of man-power 

sir Philip Manjon-Bahr said that he had examined a good many ex internees 
from Eastern prison camps. Most had suffered from oedema of the legs and 
abdominal wall but he was struck by the fact that those who came from the 
fir m»h Zone were diagnosed as wet ben ben whilst those from the Dutch East 
^rnCea were labelled hunger oedema. 

It seemed to him that they were all suffering from the same deficiency 
** that the true diagnosis was in fact the latter If beriben why was it that 
rcc °verjr was so rapid without residual nerve involvement ? 
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Dr R B MacGregor A* one of the prisoners whom Dr Bouram 
ulked about, and one who has suffered to I slight extent, and observed ts 
* bigger extent, these cases of beriben and hunger oedema, I suppose the 
only reason why tbe BnUah think of the condition as beriben is that it a cukt 
to say than hunger oedema. We had both sometimes occurring at the «w 
time, aometimea separately sometimes in different individuals, or m the same 
individuals at different time*. The qu cation of oedema alone aj we taw it m 
pmonen and aril intern ect, would tike up all the evening, and I would do* 
attempt to discus* it now One jeneraExation I would Eke to make it tin 
stage is that in our cinb an rntrrnec camp we had an almoat compkteJy era- 
trofled experiment m the deficiency diseases. We had people Ihrag 
precisely the same life, on precisely the nmt diet, down almoat to the btt 
gramme, and the moat striking feature waa that the men a reaction* men 
ao different. At one time you had two or three individuals out of one hundred 
affected and tbe remainder apparently wrlL If you had ooe indmdud with 
a beriben complex, another might be suffering from defective vwoo, whfle 
tbe remaining ninety-eight in dit (dash out of the 100 at the same period wroW 
be apparently- well — there never seemed to be any reawn why there should 
be such very pronounced idiosyncrasies. Of all the gen erthxati Otts that w» 
the moat striking the individual differences in people bring under prtaady 
tbe same con did ana. Another general observation which l hare n«ed 
before was that during tbe period when we were all suffering from shortage 
of calories, or lack of carbohydrates, the people who suffered moat w ere th e 
cider men almost in direct proportion to age was the lota cf wagto 
that waa suffered on a diet deficient in carbohydrates 

There is another form of oedema which was very noticeable and * QT P nc °^ 
and that was not the oedema of hunger but the “ oedema of plenty ** which occur- 
red to a ven great extent in some people and to a minor extent among 
others. When we were homeward bound on board ship, bong weB fab 
fumble and under for us, ideal conditions, this oedema appeared in 
who had not had the slightest traces during internment. It drsapp 0 ^ 
spontaneously after a week or two or sometimes a month or two. 

Dr F Murgatroyd Tbe incidence of the oedema of plenty ” 
been called waa remarkable, and many prisoners who had been subjected 


prolonged malnutrition became oedematous when thar diets were 

Among under nourished persons oedema may also be fmnd *] , ^ 
grossly obvious cardiac or neunttc signs snd without low pbsma P rCf f^V 
Tbe exict mechanism of production of this oedema does not teem to b*J* ^ 
dearly explained. It msy be associated with increased capillary 
due to malnutrition or as blood pressures are usually knv in persons ^ 
from chrome starvation with diminished renal filtration and 
efinunation of fluid. Thia latter may possibly be reflected in, *n P 3 
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compennted by the noctuna which often preceding mam feat oedema, was 
experienced by to man) under-nounshed persons not onJ) m the prison camps 
of the Far East but also among the semi starved populations of Europe On 
the other hand noctuna may represent a failure of imder-nounshed renal 
tubule* to reabsorb water adequatel} 

General A G Biggam I would like to say how heartily I agree with the 
speakers who have emphasized the importance of preventive medians in 
tropical combat areas. When one considers the state of our knowledge of 
protective measures against malana and scrub typhus now compared with the 
early days of the war one realizes what enormous strides have been made m 
personal protection against these diseases 

In Burma before the Japanese invasion, our troops training m the jungle 
trpen under peace-time conditions, suffered severely from both malana and 
typhus. We have heard from the speakers this evening how the whole 
ptoture has changed and how even when m dose contact with the enemy our 
troopi can now be provided with means of protection which, if properly applied, 
■sdl keep them fighting fit. 

Brigadier Marriott has pointed out the high incidence of amoebic 
dysentery amongst our forces m Burma and Assam. That this disease was 
prevalent in Burma had been recognized for a long time, the reason for this 
» not quite clear but one possible cause is contamination of uncooked green 
vegetables by the Chinese market gardeners whom we know very frequently 
employ infected material for fertilizing these crops I agree we have not vet 
found *n entirely satisfactory method of treating amoebic dysentery but I 
can say without any hesitation that the whole outlook for the patient returned 
t° this country suffering from very chronic amoebic dysentery has been entirely 
c k* n £ c d by treatment with penicillin and aulphonamide prior to the adminis- 
tration of the specific anti amoebic drug It it aeldom now that we fad to cure 
^h a patient even when his history is one of very long standing disease which 
failed to respond to many courses of treatment 

I would like to add my thanks to the speakers for the excellent papers 
% have read. 

Br L E Kapler I must apologize for introducing a new note into the 
but I cannot help admitting that I was horrified to hear that it 
*** l he end of 1944 and the beginning of 1945 before principles of malana 
P^-emiorv tiat had been laid down 10 years before were applied effectively 
1 *u referring to the use of prophylactic atebnn. Sir Alexander Hood has 
**Phi*»ed this and 1 think that his remarks about Dr Hamilton Fairlet s 
**** very true nxmelv that its greatest value lay in the telling of 
. J dca of prophylactic atebnn to the combatant personnel. The dosage 
**» used in the pre war days was admittedly too small but it should not 
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Trrtbra gnd the Turn die have apparently never caused human accidents, 
but it lent five speaes of Coma (Platt I) have been, admittedly on me octansm, 
responsible for senou* and even fatal accidents to human bang*. They ire 
not used as food u far ti I hive been able to aacertaln but they are sometimes 
used u fishing bait and their beautifully camouflaged abclli are very attractive 
to conchologists 10 that the accidents reported hare all occurred amocg fisVt 
men and iheO collect on 

From 1848 (when the fi rat case was reported by A. Aoun) until 1932, 
■J * uch *cadenu were confined to the Western Pacific, although the ipedes 
of Conus responsible are widely distributed In the Indo-Paofic region. 

t ia the purpose of this article to relate the facta of an aeddent which 
came to my clinical notice m 1932 while in practice in the Seychelles Islands, 
ndian Ocean, and describe some original work I hare since done in connecGoc 
with two species of Coma from Seychelles in an attempt to solve several problems 
about which available medical authors were silent. 

Owing to the extreme difficulty I have experienced in following up the 
original accounts of human sea dents from vinous specie* of Coma because 
•uc accounts appear in widely different publications, private reports and 
museum records, extending over nearly a century (1848-1943), I hare considered 
it useful for future workers in this field to reproduce m full in Appendix II 
the pertinent * ectl ° a * °f those I have been able to trace either in the original 
publication* or quoted in articjc* by later writer* who had access to the ongmal 
versions. 

The reasons for the delay ui publishing this artide will be apparent in the 
course of the article. 


Htrrosrr or mi Case. 

J une > 1932, a white 8eycheIlots of French descent, Monsieur 
F*£irfJUQui dh Latontaine, 32 years of age, residing at Ilc-aux Cerfs, Seychelles 
(Plate II), was wading at low tide in the shallow water of the lagoon not far 
from the shore of the island, in search of shell fish, when be found and picked 
up a medium-sued living male specimen of Conus gfogrnphu. 

As the shell of the mollusc was co ver ed with a shiny growth of marine 
he proceeded to dean it up by holding the shell in his left hand, aperture 
towards the palm, and scraping the shell with a pocket knife. He hid hanfly 
started •craping when he felt a sharp sting in the palm of hr* left hand, 
followed immediately by a burning sensation. Turning the shell over qtdcMy 
to look at the part of the animal visible in the aperture he saw the mouth 
of the animal ju*t retracting into the shell, and noticed at the same tune *W 
he described *» i M fine sharp needle protruding from a narrow tongue- 
organ which was gradually withdrawn out of sight Into the mouth before 
latter had completely retracted into the shell. When once the animal had 
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completely retracted itself into the shell, neither the needle nor the tongue-like 
organ were my more to be teen. 

The wound itself was to tiny as to be almost invisible. The burning sensa- 
tion toon gave nse to numbness, and withm a few minutes he felt his left arm 
tmgEng and gradually becoming numb Then feeling hu head getting 
queer’ he wisely decided to regain the thore and go home. I hare used the 
*«d “ wisely ” because within an hour the whole of ho body was numb, bis 
ught wa* impaired, he had marked dimness and nausea, he became com- 
pktdy paralysed and could not more his limbs or sit up and speech was 
difficult Had this occurred while he was still m the water he might well have 
lo*t ho life by drowning 

After 5 or 6 hours he began to improve a little and asked to be taken to 
m 7 *urgery at Mont Fleun on the main island of Mahi 3 miles distant acrosa 
the lagoon (Plate U, p 48$) 

The a cadent had occurred at 9 a.m. and he was brought by pirogue ' 

' (cuioe) to my surgery it 6 pm, having been earned to and from the boat 
m 1 chair He was still giddy and unable to stand, with a feeling of general 
weakness in all four limbs 

On eiamination there was nothing to see at the site of the sting and there 
TVcrc no «gns of hypersensitiveness such as u means. His knee reflexes could 
n ot be eliated but his pupils reacted normally to light and to accommodation. 
*he pulse rate and respiration were normal there had been no respiratory 
difficulty at any tune or any nse of temperature as far as he could tcIL When 
^rained his temperature was normal. 

These were obviously symptoms of some form of neuro-toxic poisoning 
*nd the onh tre atm ent I considered might be of any use was after a hyper- 
dermic injection of strychnine hydrochloride (1/GO gram), to send him home 
bed with a strychnine mixture and recommendation that he should be given 
general massage m addition Possibly this was unnecessary but it was carried 
°ut on fus return to i/e aux-Cerfs and, in spite of it, it took 3 days for the 
’ Wc *kness to disappear completely 

When he was brought to my surgery on the day of the a cadent he had, 
fortunately ordered the mollusc also to be brought alive in a vessel containing 
fresh sea water and sand, and as I was at the time indulging, in my spare time, 
in the fascinating hobby of collecting and classifying the marine shells of 
^oycheUe* the speaes was easily diagnosed as Cornu (Gosindium) geograpbu 
fruin. of the empty shells of which I had several specimens in my collection 
(Plates I and III). It teas not a large specimen, measuring onlv 8 3 cm, in 
length. 

Knowing nothing about the mollusc beyond the characters of the empty 
*b*n I at first found it difficult to believe that such a small animal could have 
produced, at one short sung such profound general symptoms in an adult 
*Dan. However knowing the patient to be honest and intelligent, I decided 
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to dmect the animal and at least check his statcmenU regarding the ncedle-l&e 
wespon he had observed and endeavour to locate the ongm of a possible poison 
responsible for the symptoms the patient had displayed, 

I had no difficulty m finding the sharp needle (later ascertained to be 
t ndular tooth) fixed within and protruding from the end of the tongue like 
organ (later ascertained to be the proboscis) inside the hollow cylindrical mouth 
(later ascertained to be the rostrum) This was indeed fascinating and I 
immediately began to search available literature on the Mollusc* for further 
information 

The only work* on Mottuac* sellable on the island gave me practically 
no information on anatomy and none on the radula 

At that time Mr R. C Wood who was spending a few months m 
Seychelles and resided st Ile-amt Cerfs for the purpose of collecting specimens 
of fUh and molluscs, hearing of m\ difficulty very kindly lent me Volume 3 
on Molluscs by A. H CooitE, Cambridge Natural History (1905) and on 23rd 
June 1932, wrote to me as follows — 


(1) The Jtoyaf N*t*ral Huron- (18M) has the following remark* reOxdd* 

** The JUdSa is composed of two row* of long barbed nui&jnd 
mstsnee. are on record of pereon. havrog been b.ttm bycoo« 

it is wud thst the bite to acme extent, t* poisonous, but whether tin* <d«r*ct«r is peculiar 
to • few or common to all apeerea, vre have no mean* of _ 

44 (2) Ex. article by G C Romos- in Axmah of AU Catena (1W«) 

** Number of teeth on radula vanes from sixteen to 750 000 m different classes of 

The Comdae, Terebndae and Pleurotomidae (now named ’H*™**?) 

* separate group of Strives kiss* known a* Toxogloaaa, The possMoon 

*W," Of aradul* with only two teeth in a row and the absence of jsws, arc their dis- 

'"'^■rL'SdJilar teeth « t Urge Bid often strongly serrated, WrnKqu^°t™^to 
fcokfa* structures. In addition, these Gastropods see peculiar “ 
shod operong mto the middle of the oc*ri>*srus ienosm ss the tW of Wbta. This 
structure m the group ToiokIosss hss sir inrutinj serneuon which ** 

F^wkxis, for although a bile from such animals » fatal only m exceptional cases it 
efton causes severe nines*.” 

With the above information, particularly from Cookes MoUusc^ I pro- 
ceeded to dissect further specimens of Conus geographus and acquired a clear 
understanding of the grow anatomy of the poison apparatus, but not of the 
•Ctuil source or nature of the poison or of the mechanism by which it is 
^reduced into the victim. , , . , . 

The specimens were obtained from Cerf Island and from the southern 
i>*rt of Amt Boil can Bay on the West Coast of MaW (Plate 11) 

home spectre of cones have been collected at greet depth, by expedrhons 
bet the ordinary collector confine, himself to the shallow water, of lagoon. 
»d reefs. In the SeycheUee meet of the islands including the mm n one 
M»w, have an rrretrular festooned outline forming small concave bays Between 
the land points that jut out to give the bay rta concavity a line o cor* 
Usually fairly straight converts the water on the land side mto I lagoon oi 
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varying depths (avenging about 6 feet) from the deep sea outside it. At ba 
tide the water recede* from the lagoon leaving the coral reef* and exte n sive 
field* of seaweed exposed, except for tome dear tandy pool* or pool* am- 
taming growths of coral and sea-weed of variouj apeae*. In the Utter pooh 
Coma gtofrepha could be found usually tn the neighbourhood of small locilgtd 
coral growth*. They usually go about in pair* on the sandy bottom amoo| 
the weeds but occasionally as many as eight could be found m a small ira 
(Ame Boileau Bay Plate II). I was not successful, however in obtaining any 
from A rue aux Pins Bar (south-east coast) although they mutt be at home 
there. 

On leaving Seychclle* a few months Later (March, 1933), I brought with 
me many specimens of zoological interest winch I presented to the late Profeswr 
Athwoith at the Zoological Department of Edinburgh University induing 
*ome specimen* of Cowj grogropAar and Cons waUeftactatB* on which I 
n tended to do some further work for publication. Thr* I earned out liter 
partly at the Royal Infirmary Sh effiel d, and partly (amend experiments) at 
the University of Sheffield. During this work a search of Eterature revealed 
that similar work had been done on Coma t*Bpa and Cons ttxtilt by H. O N 
Snaw (1914) and on Cons ww&tmaana by At-KM (1932). My anaromrea] 
findings in connection with C gtofrapJaa were incorporated in a paper which 
I rod before the Medical Sciences Club of Sheffield University on the 9th iI*T 
1938 

I felt, however that the paper was not worth publishing until I had done 
•ome further work to elucidate the nature of the poison, but for this purpose 
it would be necessary to obtain acme matenaL At the above meeting it was 
suggested by Dr E. T B Fkamcu, of the Zoological Department of the Sheffield 
University that the best way of obtaining poison would be to bare it extnord 
from the crushed poison apparatus ra 30 per cent, alcohol. 

I accordingly worked out carefully the steps of dissection of the anmm 
with dear illustrations of each step (partly iHuitrated ou Plate II) 
sent, along with labelled bottles, dissecting instruments, mortar and pcsoo, 
sand, reagents etc^ to Mr Jonx Traox of the Cable and Wireless Station m 
Mahi, who was to get in touch with Mademoiselle Aoxxs de mr 

ex patient a sister at Ue-anx-Cerfs, who I knew was interested m «h ms- 
had every confidence that with her brother a help she would be able to sopprf 
my requirements. . 

Except for having to wait many months I was not disappointed, 
eventually I received from her further whole » pea mens of C gec yrsfr** 1 
C wiZZept n > rt g f Kt(^Thmh I h«H *1*n xl-rd for because of its much larger »' u-4 1 - ^ 
than that of the former) and collections of the isolated poison apparstt* 

* I have used tba fcrml«r nam e Cmaa *g!rfnr t*twt Lsnwrc k, bu t 
unf o r tunately been used earlier for a different s p ecies and by th* strict ran r 
It lbc«M be called C. Impardxj (RMm|). 
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both species crushed with sand in 30 per cent, alcohol From a second lot of 
esch, the poison was obtained b) syringing out the poison gland and duct 
into a clean sterilized receptacle with 30 per cent alcohol A third lot consisted 
of s collection of the poison apparatus removed from the animals and placed 
to 30 per cent, alcohol 

On receipt of these I proceeded to cart) out tome experimental work, 
ra mice. The extracts from the three lots were carefully filtered and evaporated 
m t water bath until reduced to brown oil) liquids and dilutions of various 
•trengths made in sterile distilled water for injecting into mice. 

I was now to be disappointed, however for the material proved com- 
pletely inactive both in the case of C gcographus and in that of C millepunctatus, 
even m the undiluted form, and whether injected intrapentoneall) or intra- 
muscularly I ha\e accordingly considered it unnecessary to publish the 
protocols of my experiments This part of the work remains to be earned 
out afresh and there seems no other way out of the impasse but that this part 
of the investigation should be earned out in the tropics where the poison could 
be obtained fresh from the living animal The prospects of ray doing so are 
Tet 7 remote Perhaps these notes may stimulate some worker in the tropics 
to undertake the work and at least afford an) one interested a rapid and easy 
guide to the anatomical structure of these animals knowledge of which is 
ewential for the successful extraction of the poison 

Apart from its dangerous property it is possible that the poison of Conus 
to*)' be of use in medicine, just as vipenne venom has proved to be, although 
to a different capacity In this respect it is interesting to note that the effect 
of Conus poison (paralysis probably of centres of voluntary movement) appears 
to be the direct oppotite of that caused by the poison of stinging fishes of the 
genus Synanceia, which produces convulsions or toxic spasmodic symptomj akin 
to tetanus Conus geograph us and indeed many other species of Conus occur 
to similar ecological localities in these tropical island lagoons as do species 
°f Syrumcna These venomous fishes when conscious of danger usually bury 
themselves in sand with the venomous spine of their dorsal fin erect and pro- 
dded, and accidents occur when wading barefooted individuals tread on them 
unaware* In Seychelles accidents are not infrequent from this source among 
fiihermen wading at low tide after octopus and lobsters or m search of Pinna 
(locally known as ache (forme) which is widely sought after as bait 
tor putting m casters (local name for fish trapa) Locally specie* of Synanceta 
*re known as leffe and are not infrequently caught in fish traps along with 
toher fi*h, and accidents maj occur if they are carelessly handled. 

The apparent inactivity of the alcoholic extract I used in my experiments 
“*y hare been due to one or tb a combination of factor* such as the neces- 
prolonged storage in alcohol m the warm tropical climate, or the fact 
to« the mice I used may have been refractory to the poison (if still active) 
According to Raphael Dubois 1903 (quoted by Calmette, 190S) while 
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ki and freah water fishes (golden carp) arc very acrmtrve to the potaoa from 
tbe purple gland of Mtrrex warm blooded am mill arc refractory The effect 
of the latter potaon on man is not atated iDd la probably unitumu. Tba 
Coma pci arm product! severe effect! in man there can be no doubt. Whether 
the inactivity of the extract* of C [rejnepkus and C mflepnctftMs poc*» I 
used nu due to refractonnei* on tbe part of the mice, or vru the remit of 
some oxidizing proceaa during prolonged atorage In alcohol In tbe tropic*, 
cannot at thi* rage be determined. Unfortunately when I earned out ray 
expenmena, I ux» not aware of Ddbou obaervationa on \fgrrx poison and 
I did not ascertain the effect! of m\ extract* on frog* or fish. 

Dtaon extracted tbe poocm of J Ittnx by enahms the purple ct*nd» «^th mod md 
•kohol fttrmath not rated brCuurml. The akohoJic liquid w*i fiheTed end rr»nori*d 
in • waterttam *nd yielded • bermn ody liquid, subcutaneous WecOon of a few drop* « 
which into a frog m sufficient to prod oca rrry toxic effect*. SluixWuiesi and 
of merrement mere tern to aiptmue huffy quktJy reflex action* »eta ttjB e^hlb ctra, 
but the «nim»l * u oo looser sbls to tump. If the doss b« not too ftrooc. thb citkW^ 
of p*re»a lists for sereral hour* and then disappear*. In raoat one*. bcFarrrer meparraa 
m succeeded by complete paralym, and tbe animal appetn a* though tuffennj 
empri poborunfc. 1 rt, wntr* CALumt, tbe fact m that the venom if neither con rt- a* 
nor cardiac tbs heart, m u * cle» and rooter end pistes, and mow and aeoaotTnet te* c* 
tpafed the nerrou* centres alone are attacked, etpecially the encephilcei. Tbe mkn* 
die* without cwrulaom 

Tbe above dc*cnption of the effect* of Mures peuttm oo tbe frog troold 
appear to be very ti radar to those of Cow poiaon oo nun, oo tbe segment™ 
sea- worm Nerat (Altew, 1902) and on tbe octopu* (B*ucx CdximivGS 193b)- 

The only attempt to investigate tbe aource and nature of the potaoo 
Cow a* fir a* I have been able to ascertain from literature, it that of At**** 
(1932) m connection with Cornu meJUerrcnna Linn, the only *peac* f«mo 
in European water* and limited in efiatributioa to tbe border* of the 
raoean Sea and west coast of Spain. Hu obaervation! were earned ou* a 
Isaplea Zoological Station. . 

After observing repeatedly that whenever C medsUrrxxaa moriag ** 
it* roatrum and siphon protruded, met with tbe aegtoented manw 
Aemr the latter went into peculiar apaamodic comulsom and made rigcm® 
writhing movement* to escape. Tbe head and tad segment* aaaumed a 
atrff attitude md bent with a alight upward curve while the head ^*0 °“ 
rwoUen. If tbe prey wa* tbna expoaed several time* the aymptom* i 
in mtenaity leading eventually to complete paralysis after which It 
foT the cone to swallow ” the victim. (Apparently Nereis it one cf the 
animal* on which C methiermeus feed*.) hewn 00 

Believing that tbe victim a behaviour could only be explained by 
of the a c cre ti on of the potaon gland, ** A LPS*S decided to atudj fygs 
of it* accretion by isolating tbe poison M gland and duet from a hTTO| 

and squeezing the accretion into the water close to a Nereis. ^ bad no* 

Hi* experiments faded in their purpose, evidently became ^ 

realized, that the substance most be mjecttd into tbe ttssut* of the rK ° tlL 
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tud based hxs expcnraentB on the tingle observation that when cracking the 
ihell of * living Conus for the purpose of determining the position and state 
of a swaQow'ed Nereis the cone had squirted a thin jet of watery dear liquid 
from its folly retracted rostrum. This he believed might be the poison from 
the poison apparatus, whereas it was most probably only sea-water He never 
mccetded m getting other specimens to repeat the squirting and also failed to 
make the animal sting his finger 

The anatomical arrangement is such that the poison can only be injected 
jhrough a radular tooth firmly held at the tip of the proboscis and this tooth 
a so fine that even if the poison were to be squirted through it, it is highly 
improbable that the necessarily fine jet would be seen with the naked eye 
The hollow structure of the tooth complemented by the wall of the prepharynx 
contracted tightly round it actually converts it into a veritable hypodermic 
needle and the poison cannot get into the victim s body unless this tooth has 
been driven into its tissues 


Bruce Cummings (1936) describes an interesting encounter between a 
cone ( Conus textile) and a small octopus which can be considered a good example 
of the use by Conus of its poison apparatus in defence against an enemy that 
u quite numerous in ecological areas where numbers of Conus are also to be 
found. I quote from his paper — 

M In the course of seeking material for anenaatogrsphic study a small party set out 
00 the exposed reef at Green Island and came across a small octopus whose tentacles 
extended some 8 or 9 inches from its body Placing this 1* an enamel pad of sea-water 

• further search resulted in the discovery of a live cone shed, Ceuta Itxiil*, which was 
®kem»e deposited in the same receptacle, where the cephalopod was swimming about 
freely 

u It wsj' not long however before the latter was aware of the presence of the cooe, 
*»d some 20 minutes oy so later as is usually the case in attacking gastropods, placed 
of its tentacles acroas the entire length of the narrow opening of the shed, wrth the 
hp of the tentacle entering further than the remainder (The mouth of the shell measures 
inches long by about 5/16tbs of an inch wide.) About 20 seconds later die octopus 
Hackly withdrew its hold waving its ten tad es about with a writhing motion as though 
'w^ndy agitated 

H Inspection of the shell immediately after the withdrawal of the tentacles revealed 

• dun round spike-like object, evidently the radula, being withdrawn. Thu *P t f c il ^ e 

was about an inch In length, tapering from its proranaJ extremity to a pomt drxtnUy 
•*« wt* bright red m colour • A few minute* later it was noted that the octopus had 
•bed caw of its tentacles, it being detached dose to it* body , , , 

, The octopus was transferred to a giaa* tank, and although welt *upp^«d with 
****l*ai fresh sea-water it was found dead on the following morning On the other 
**«? ** coat shell did not suffer any apparent injury and is still alive and m excellent 
COQ *httoci 10 days later . . 

When the nidula is protruded, it is aeen directly beneath the wphon, the letter 
h * vw t • red band at its free extremity a white ring round its centre and a Uacktand 
^wully The cone itself measure* 2* mche* in length and an inch and J/ietfcs m 


• NU'—Tbu dacnoam of the tpOteJie rodult matt refer to the pro boem - . It 
5?"* ippir to the ttdult which it enejoted in the bodr civity end otnnot bepmruded. 

l « tinjle tooth muietubt protruded, but a nothin* hie 1 inch tn lenfth. 
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D '^ L laS 07 ° C °** r t^epha to Eironr Tin Foikct Arroum. 

(Applio «jtuD]f to Caaroi arffl/ptnartBao except aj reg^da the ahdL) 

Eantmaton of Uro aheD of C tftpefJaa cootaimng tie amnni mood 
<mlua it (Pl>« n Fig. 1) nrrealj — 

(0 The &K artwrl Of tie ahefl (a) tjeeortted anth . dotoeore peten, 
ofmterlaang brown lute, rad COTdtran) brown ptteho formajj m or thm 
mote or tea toroa rod ahghiiT oblKpro tnrnva* broaduh brod. d« 
npmfittrotlj placed round the aktfl. 

. a ? P* f w " c "°T rad * ** ronairoog mner whorla (I) aotdmd tojette 
rod to the fim whorl apmaDp f orm thc eone-thaped poBenor rod of the 
• belt therolderod edge, betng dmractlj trace m cZaJT 
a a roimiTa foot (c) (roen on], ut part), the retneted rortram ff) 
rod the retneted riphon (e) 


actiul duuctiox 

, "F 0 . 0 ^* 1 " ,runal for direction it »» rvxrtmy to remove the fint 
, ( ° ^ cracking it along it* attachment to the aetood ttH wjfc 

, fte, P of * P* “■ °f bone-forerp* (Fig*. 2, % For our purpose it » not neceffny 
w rememc the remaining inner wharfs of the «hcll (4) aj har been co m pleted in 
‘g and Plate III (1 and 2). Indeed, It t* tdroabje to krrr \bt%c w sti* 
u tie .pind whorl of toft Utsua (Plate I\ Fig 4 (A) and Plate HI, Fig. l\ 
coaaut* of vanom rocera including dutal portion* of *totn*ch, intestine*, 
** *. organs, Malpighian tubule*, etc-, wrapped m a vert thin cce- 

. , ,^ MUC «*«*!« i* liable to break up into piece* a* it u nr t ua flf ootarf* 

”°y gY lt T 10 1 ***** of mtjbule or recta* beneath the Boor of the bodr 
onty between the latter and the foot, and hang* rather JocwefT when the »h*fi 
“ completely removed (Fig. 8, A). 

Examinatioo of the aramaJ ax thi* mge oo it* back and oo m foot (Fig*- 

M a pdPkte HI) i c > t*l* the foUowmg part* foot (r), rwtnan (4), top* 100 

i ... .?'* * ^ r00t P 011 * in the mak (/X the mantle (A) coouunftg tk 

ccapOTtory organ or ctetudium (i) and the organ of i mJl or o*pbr*dra® (/)• 

, or the purpose of our dissection the aninnl should now be placed oc G* 
*° 0t ’ P* 00 ^ down to a board, and the following procedure adopted — 


Sup 1 

A tranarene Hnear incmcm. by mean* of a fcalpd, a made through the 
fxwtenor end of the mantle (A) juat in front of ft* attachment to the pc ***** 
mu*cul*r collar (at) of the body cavity *hown by the dotted Em m F<jv 3 or 
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The mantle, which is unattached along it* right edge, t* now reflected to the 
Ht u shown in Fig 5 carrying with it the uphon (e) which 1 * really its modified 
interior portion and exposing the full length of the rostrum (d) the dorsal 
w*ll of the body cavity (1) situated between the base of the rostrum (d 1 ) and 
the posterior muscular collar (m) the full length of the curved perns (g) and the 
two eyes (f, f) The ctemdium can be seen m the reflected mantle through 
its inner lining now seen from above (f) 

Sup 2. 

Cutting along the dotted line (in Fig 5) the rostrum is bud open by 
rcnwvmg an inverted U shaped segment of its dorsal wall, and exposes to view 
the proboscis (n) with, in many specimens a slender harpoon like radular 
tooth (o) protruding from its tip (lugs. 6 7 8) The proboscis is a tongue-like 
muscular organ, transversely striated, tapering to a point at its anterior free 
end and attached posteriorly to a muscular partition or collar ( p ) (Figs 6 7 8 9) 
which separate* the cavity of the rostrum from the body cavity immediately 
posterior to it. It contains the prepharynx (tf) which is easily exposed by 
■httiug open the proboscis in the middle line along its dorsal wall from tip to 
bsse. The prepharynx is a long slender tube, at this stage apparently attached 
•long its whole length to the floor of the proboscis (Fig 7 and Plate III) but 
* 0*114117 occupying a central position in the proboscis (Fig 8 q) in which it is 
suspended by loose bundles of muscle. (Plate, V Figs 1 2 and 3 ) About 
4 nun. from its tip (Fig. 7) the prepharynx shows a small fusiform thickening 
which corresponds to a strong muscular collar (Plate V Fig I and Plate III) 
evidently meant for gripping the base of the radular tooth m use at the time. 

Sup 3 

Now laying open the body cavity by an I-ahaped incision in its dorsal 
w^ll (dotted lines in Fig 6) and reflecting the two halves respectively to nght 
*nd left (Fig 7 IT) exposes the antenor portion of the alimentary tract — • 
pharynx (r) oesophagus (*) stomach (f) — a solitary salivary gland (u) the 
^duls sac (r) and the poison apparatus consisting of a long lightly coiled tubular 
■?' ct£on gland (tp) which at the same time acts as the poison duct, and a muscular 
*tcr*ge pouon sac (a) all clearly shown in Figs 7 and 9 

The pharynx (r) is situated at the antenor end of the body cavity just 
behind the muscular collar (p) which form* the base of the rostrum. It is 
continuous anteriorly through this muscular collar (j>) with the prepharynx 
(?) and posteriorly with the oesophagus (r) which courses posteriorly to the 
hfi on the floor of the body canty to join the stomach (f) which, at the posterior 
“ft angle of the body cavity leaves the latter and dips down to join the intestine 
m the vestibule between the floor of the body cavity and the foot (Fig 8) 

The tohlhry salivary gland («) is situated in the anterior part of the body 
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amty to the right of tbc pharynx. It has two duett which pan axdaEj tank 
the radular sac (r) to open into it* abort arm, one doraaHy tod the other veatnflf 

(Fig. 9 •) 

The rmiuUt sac (c) i* angled or mah-bone shaped, with ■ short tod t longer 
arm. The shorter arm na rrow* anteriorly to open Into the right side of the 
pharynx and the longer arm crowea the middle line doraal to the oeaephsjw, 
to the left tide of the body canty where it enda in a cuhde-aac. It cootanu 
the radular teeth which are anchored to the angle of the sac, each by m cokwrfc* 
*oCd cylindrical acellular hyaline ligament slightly longer than the tooth rtaedf 
(Figs, 9 JO (a) and Plate A Fig* 1 5 0) The teeth ahow a dual arrangement 
in the aac — 

Two group* (Fig 9 and Plate V Fig*. 5 6) 

1 One group pointing toward* the cul-de-aac, 

2. The other group pointing toward* the opening in the pharynx. 

Each group a disposed in two row*, one on each aide of the middle fine 
icconling to the formula x-o-x 

Plate IV Fig 0 i* a transverse aection of the longer arm of the ndofa 
aac abovnng the two row* in which the group pointing toward* the cul-de-*ae 
are dupowd. 

Each iotlk* present* the following character* — 

Average length, 1 cm. consists of a sheet of chi tin rolled spirally into * 
cjhndncai hollow harpoon (Fig*. 10 £ r d, and Plate V Fig*. 2, 5 and o) 
forming a rentable hypodermic needle, flattened ax the anterior end rate * 
lancet like point ahghtly curved near the tip armed on one Side with * 
barb and on the other aide by a blunt ended blade at a kvd slightly postencr 
to the barb both pointing backward* (Fig 10 *, i) oa the external sarhet 
from the level of the barb for about half the length of the tooth, there is « ro * 
of fine hooked denu eolations, with points directed backward*, *tid * 

!30 in number (Fig 10 a b c e) the base is swollen and ahghdy tbhkco» 
in part* (Fig 10 d) and is attached to a solid cyCodncal accDalar hphne^* 
meat (Fig 9 10 a d) by which it is fixed to the angle of the raduta aac. 
m the radula aac are obviously unusable, except perhaps the group point** 
toward* the opening into the pharynx winch may poaaibly be used to chcar*? 
food as it passe* down opposite the opening Many specimens of Como 
•ected, however show a single tooth m the prep larynx, frequently protrude* 
at the end of the proboscis (Figs. 6 7 8 * and o) and aerial 
probosew containing such a tooth, from tip to base, shenr the tooth 
by the ligament which eventually disappear*, showing that when the ^ 
transferred to the prepharynx the ligament which t* attached to the ^ 

the radula uc actually snaps. Although not now anchored, the tooth ^ 

• 0) Bctoh (1895) fives sxcslknt figures of the nduht toot h of n*B7 
Oma m also does Peru (IMS) 

(t) The Ueib *re appenmdy not opsque to X-T*X* (Plate III) 
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firmly held in a gnp by the strong muscular collar placed about 4 mm. pro in mil 
to the tip of the prepharynx. In this position two possible functions may be 
attributed to the aingle tooth (1) its barb* and hooked denticulations may be 
Q«d for tearing the tissues of prey on which the animal is feeding (2) its use 
as a hypodermic needle for injection of the poison into the victim (probably 
its most important function) 

How long this tooth remains in use in the prepharynx it is impossible to 
guess. The presence of barbs would suggest that it must sometimes remain 
feed in the victim s tissues and thus lost to the cone but replaceable by a 
fresh one from the radula sac Examination of the sac by blunt dissection to 
expose the contained teeth shows about a dozen in the long arm of the sac 
>od shout three or four in the short arm (Plate V Fig 5) One has no idea 
of the span of life of a Comu, but judging from the size of the shell of larger 
specimens it might be a matter of years If a tooth is lost each time the animal 
itings s prey or an enemy in self-defence, the stock would soon be depleted 
unless the radula keeps producing new ones at a rapid rate It is more likely 
however that each tooth transferred to the prepharynx can be used very' many 
times. 

TEe most intriguing problem is the method by which a fresh tooth is 
transferred from the radula sac to the prepharynx. At first I believed that the 
explanation lay m the retractibdity of the proboscis which could thus become 
*frno*t flattened against the collar of the rostrum. If a tooth was pushed into it 
from the radula sac by some muscular action, with the barbed point just past 
the surface, while the posterior end was gripped by the strong muscular collar 
near the tip of the prepharynx, extension of the proboscis would carry it forward 
until the anchoring ligament snapped This would leave the tooth in the 
correct position m the prepharynx. 

I presented the problem to Incut. Colonel A- J Pei lb at the British Museum 
m 1933 but he could not suggest a better explanation However a few week* 
^ Ucr I received a very enthusiastic letter from him suggesting a second explana- 
tion that of invagination of the proboscis and in November 1943 he wrote 
to me as follows — 

. t " You may be interested to kr*nr that in addition to sereraJ cites of the tingle tooth 
1 «« observed in the proboscis of Coma I hare ooce found, m C trrtbra, the proboscis 
m Position of mvagmation though it had not actually grasped a tooth. 

1 have drawn Fig 9 to represent this action of the proboscis diagram 
mitJC *Uy Serial sections of the proboscis (Plate V Fig 1 2 and 3) show a 

loose arrangement of muscle bundles between the external wall of the 
proboscis and that of the contained prepharyn* suggesting a great power not 
uuty °f retractibihty but also of expansion, so that invagination is feasible and, 
1D TlCw of Colonel Pole's observation mentioned above, is probably a reasonable 

Pccha nism. 

In the first exp lana tion some muscular action from the radula sac or 
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phtrynx would be necessary to drire the tooth forward past the retracted pfo- 
boicu before it could be drawn forward. In the second theory this would be 
unnecessary at the tip of the probosat could be i angina ted right back Into 
the pharynx to the opening of the radula tac. 

The rood likely explain a cm, however it probably a combination of retire 
ton of the greater part of the proboio* with invagination of its anterior tapering 
segment, thu* reducing the length of invagination required to reach a toerth 
preaenung in the pharyngeo-radular opening 

The potson tac (x) it a curved, pear ahaped, firm and solid loohng bet 
hotkrw muicular organ measuring 20 mm. by 7 mm (Figs. 7 8, 9 16 17 
Plate III and Plate V Fig 7) occupying the pottenor half of the body canty 
in a transvene petition, with the narrowed anterior end to the right where it 
joint the coiled tubule. Iti lumen in trawrerte tection Ls nearly arcnltr (Fig, 8 
and Plate V Fig 7) but elongated and curved In longitudinal tection (Fig- 9)- 
The wall of the uc coniuti of four coata, which frum the outucie inwardt are — 

(1) A thick outer muacular coat with fibre* cCtpoted in various direetrooi, 
oblique, longitudinal, but mostly circular It it about four to tu timet n 
thick at the other three coau taken together 

(2) A thin connective tiaaue coat tending fine threda into (I). 

(3) A longitudinal mutcular coat thinner than (2). 

(4) A thin connective tissue basement membrane lined by a tingle byo 1 


of non-aliated, non -granular cubical epithelial ceflt 

The cubical epithelial Lining doe* not tugged ■ accreting epithelium, and 
the tac would appear to be merely a do rage tac and propultivc organ for patoo 
probably accreted by the colled tube now to be described 

The tubular potion gland (re) it a highly coiled tube appro x ima te ly 75 atA 
long, occupying the apace of the body cfrlty behind the radula aac and between 
it and the potson aac, dorsal to the oesophagus. Iti colls are bound down by 
Tc ry loose connective tissue Posteriorly it arises from the narrower anterior 
end of the pear shaped poison sac, and anteriorly it passes forward, ventre* 
to the long arm of the radula sac to open into the left side of the pharynx, 
transverse section (Plate V Fig 4) shows the following structure — 

Circular shape. 


External wall of longitudinal muscle. 
Intermediate layer of circular mu scle. 


Thin connective tissue basement membrane. 

Internal epithehil lining made up of tevenl layers of elongated , 
cells with basal nuclei and cytoplasm rich In granules. It vanes in 
at different parts of the circumference, rendering what u left of the 
irregularly star-shaped. m , , 0 f 

The pouon tac (a) it known among xoologiata as the P 0 **” ^ 

Leiblin ” ind the coded tube as the poison duct. In their deter* 

C rtrmtuj Clench and Yomo KotfDO (1943) describe them under 
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of w Sonroth s Giftdrflse ’ I venture to suggest that the pear-shaped muscular 
«atc with its non-granular cubical epithelial lining it not a poison gland at all 
hut merely a storage and propulsive organ for the poison, and that the latter 
ts actually secreted by the coded duct which is lined with high columnar 
epithelium of glandular secreting type as shown by the large numbers of granules 
present in the cytoplasm of the cells again, if it was merely a duct its great 
length and highly coded state would be unnecessary This, however does not 
prevent it from acting also ss a duct through which the poison is propelled 
uiio the pharynx by the contraction of both the muscular sac and the muscular 
wall of the coiled tube itself 

With the base of the hollow radular tooth firmly gripped by the muscular 
collar of the prepharynx one can easily imagine how the poisonous secretion 
criming along the pharynx and prepharynx under pressure is forced through 
the hollow tooth into the prey' to immobilize it before the meal iv started, or 
mto an enemy for the purpose of self-defence. 

ASSAULT OF Conus ON ITS VICTIM. 

There appears to be a contradiction m terms in the description of the 
sssault by Conus on its victims Most writers describe it os a bite, and some 
describe it as a sting The term bite cannot be correct for a radular 
tooth is not morphologically or even functionally comparable with a tooth, 
■which is strictly' a vertebrate structure. The mduia is not part of the jaw which, 
present m motlusca, is an ten or to the radula. The word “ sting is 
obviously more suitable and descriptive of the action. 

Concerning the assault by Coitus after removal from the sea, it would be 
interesting if future workers m this field devoted some attention to the type 
of stimuli responsible for the reflex. ALTERS (1932) tried to vain to make 
C rntdiirrraneus sting his fingers 


SUMMART 

Marine gastropods of the genus Conus have been recorded for nearly a 
hundred years as having caused serious and even fatal accidents by stinging 
human beings, but have so far found no place among the venomous animals 
dealt with in textbooks of tropical medicine. 

Prior to 1932 all such accidents of which five proved fatal, were confined 
to the Western Pacific. A fresh case of stinging by Conor geograpfuis Lmtu, 
fortunately not fatal, is now reported from the Seychelles Islands and is the 
hnt case recorded from the Indian Ocean. 

The method by which the animal introduces its poison into the body of 
tt* victims has so far not been directly observed but a definite apparatus which 
P^bably secretes the poison, and is adapted for it* ejection, is revealed by 
*oatomical dissection and histological study and there is good circumstantial 
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evidence to show that the poison a injected through a detached tooth from the 
ndnl* used *» 1 hypodermic needle 

Histological study further reveals that the so-called u Gland of LeibEn" 
is not a gland at all and cannot be the source of the poison (except indhtcdy 
byectmg as a reservoir font and as a muscular propelling organ for its ejection). 
The source of the poison is almost certainly the coded tube previously regarded 
as the duct of the Gland of Leiblin M being lined by tail secreting ctwtbehom, 
it u really equivalent to a tubular gland which can, howmer at the pmc On*, 
act as the poison duct. This is a new conception. 

Attempts to verify' the effect of the poison on mice with extwts (in 30 
per cent, alcohol) of the poison from the poison ipparatus of Com feogrtfJae 
Unn - snd of Coma Uopardus RMing ( - milirpiactatus La mart) after prolonged 
itorage in the tropica, faded either through inactivity of the extract or through 
refract on nets of the mice used. It is accordingly suggested that a fresh senes 
o expen merits might be undertaken by some worker in the tropics, where the 
poison could be obtained and used in the fresh condition. 

^Silncc the effects of Coma poison appear to be opposite to those of the poison 
secreted by the gland at the base of the venomous spine of the dorsal fin of 
ihes of the genus Syuaxcna, investigations on the nature and effects of the 
lormcr might profitably include attempts to confirm this notion. Ohserrsbons 
might also be made on the nature of the stimuli able to produce the stinging 
reflex in Cana particularly when handled. 

Original work on the anatomy macroscopic and microscopic, of the poison 
apparatus of Conus ftqfrapfaa and Coma Itvpcrdus not previously attempted, 
t* described and illustrated. 


As full extracts of reports on actual cases of cone stings and their soared 
0 P^bciuon are given in the form of an Appendix, these hare been omitted 
in the usual list of references at the end of the paper 

_f J* d- asantaace, in the first plan of Mr Joa* Too* 

trn “ d WirekM Co - Ltd- Mas A mess dk Ljuoxtxixi ml Mr F«*rfw** 

m makrn* it rosaffile foe ma to complete the relaxant part of tba ana****) 
(though unaoeceaafuDy) toefeodate tba charactar of the pote» <* 
of Mr J U Baoqxxit Curstor of tba Sheffield Cftr Jtoeum, m ittuSng a* 


a «h*m whkfa , „ thofX {oT ^ tWraticm, my 
tiTOB hooi fcft m , ^ ^ j ^00^ to the Canwpa L&nsj to 

>>ctom, Mahf Seycbeflea. as . nodma for a Natural Hktory Muaeum m *• «*my, « 

^ 1 000 Mr J R-Li D.Tovlti profewor Ejcost Fcich and Dr t.T»- 

f ^° r rnoefa help in obtaining the litera t ure of my eolleaioe, Dr O 

tmiUtwei from the German, of tb. obaemUoo of F Aunwi on Cmms «■"*£* 
°*” r , > " Baoww my technician at the Royal Infirmary to P"T*«* 
"tmerous aerial hatolopcal aeetfcoa and Mr G S. Braun, my bead techcto*c-a 
prep^m, tha pbotofianhi and iUutttatwri, except tboaa ca. Plata I the <***** 

wtre mppLied by Mr FMX{Ot> \n, Seycbrika, and tha third taken ipeckDy for B* 
t>ir tom Tyson . 

, P^a ' * n orianally intended to appe a r m colour and had been beaotrfuB y 

my “lend, Mr CnASLa Orson, Sheffield, but awing to Ugh coat of cotour repi™**- 
110,1 ** Pcvwnt tone it hat bad to ap p ear in black and white. 
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APPENDIX I 

8rEcra or Coma Recorded moil the Setchelles. 

Authenhc record* from the Seychelles Island* are numbered. Other record* require 
reiificsUon. Record* from the Amiran te Island* are m brackets and marked a from 
Coetrvy m brackets and marked *. 

W — collected by H. C. WotcatwofflTH. H — collected by Hniimr. d — Duro 
1 — Li4nahd m — MObkb D — Dautxenhzro S — Milyill ( Sealark ) 


Specie* 

Record*. 

Remark* 

Group 

C arena tas Bruguiire 

W.II.d.L(S<i) 


PtmetiatEs 

C ptilicanus Brug 

d. 


m 

C xeyfanais Gmehn 

W d. L 

" obestts Brag 

M 

C Arc cut L. 

WJLd.l.m. 

Typical and form 
ctundaeus (ROdmg) 

Virroconus 

C coronate* Gm. 

\V.dh(S K )V 

— ndharts Brug 

- ? 

C pusdlus Dflhryn 

Wdd. Nevffl 

Not pi/sdlns Lam. 

It h— no correct 

Virroconus l 



name. 


C egytanams Brug 

W 

Var with reduced 
yuiiin p 

- ? 

C musiaa Brug 

<LD 

Perh *p* intended 
for 6. 

- ? 

C betuHnsa L. 

ILduruD 


Oeobula 

c figututus L- 

Hdda) 

Hida)V£ 

W^LrruD^S*) 


m 

C tnterama Solandcr 

C amrfut Lamarck 


. ? 

Lllhoconus ? 

C fiandus Brag 

W-cLm. 


„ ? 



nr>r>Pfi r> P«S»P 
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8peae*. 

Record*. 

C rwttw Brug. 

W.d. 

C c*f*t*n**s L. 

H/do)L 

C Brt*. 

Meoer 

C trmimtv Born. 

H^d«)D 

a wyoWCotm KrriD 

Nerd] 

C. wn'/i" Cm. 

WXS. 

C. wire L- 

WJLdJ. 

C trr/o L. 

WJI.d. 

C. wmmml Crowe 

Crowe 

C. drt\rwmct*u Iredik 

(lr) (S«) 

C. ruWarrr Bru* 

C. frrrtro Bom 

P» 

C. (iro Bru* 

tt 

C. nentWZ* L. 

w^ats*) 

C Uwfmrdu i (R/kimg) 

WJixLD 

C Httrrztu i L. 

(da)D 

C rfwowtu Bru* 

(d.) 

C Bom. 

WJi.d_LroJy.f9*) 

C fr-wrWir L. 

WJLd. 

C tww L_ 

C fevfn Sowertnr 

C wrhyttnd BoL 

(d.) 

Sowrrby 

(9a) 

C roWw Recce 

(3a) 

C. Wflmrnii L. 

dm. 

C nrptnmNs L. 

iVJi^L 

C rfirnmu Bru* 

W 

C *£>> L. 

W JiAD 

C M(r<Mn L. 

C k&cw L. 

WJi^liroJX 

HJ_ 

C mom Bra* 

C rWwia L. 

(da) 

WJLd-D 

C (Jurofiw Bru* 

(d*)D 

C t«nZ«L- 

cLL 

C (mmm fc*j Bru*. 

WuLD. 

C «w Bru*. 

W^LfS*.) 


Rra m fa- Grwp. 



Only Bcyebelk* 
record — mtm*~ 


l iy*rffw-4mtT r d#- 

•cribed n**r 


From Mm. Cum- 
in* : Ctn n hif re- 
CO f ill i_re UDTtB- 

•bk. 

— mrticf Sw»m- 


1 

) 

1 


Oo# de*d »befl 

— MSUpmMTtAtrt 

L*m. 


L tfntm * 

firrma 

Zi&Wcw"o 


AO record* ■« 

form 

Bru*. 


Only record 
PrtJ*bly error of 
idendfiottioo 

Perhap* 


On *rrer»l ocC*- 
tkax*. «D lirbif 


r 


GrrtoJ— 

CythU 


Perbrp* * Ctrdu- 
•kax with yoon* 
gTffr— » 

Tnw UxttU do** 


in thoScyrJfOrt 
but the r ented 
tpcco rre rft*a 
cooWd with it. 


cv r"- 8 



u e, d, uroim-E 
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C fnfuha Reeve 
C furtuna Brug 
C Wrwtttft L, 

II C fieExnwtor Brug 


D 

LD 

L 

W.H.dJL(Sa) 


Potribly cotta rmr Cfttfynmuf 


In Klditko to the shore, the foHmrin* .pedes which ut not even lndo-Psafie hsve 

C prtmJhZS Brat Reere xv«t Iadnxi^ 

C ItwtontiBnts. I ,vl! 

C wWenLen. (de> Yiest Indisn. 


LtTE*ATu*i os Srraaaixs Mouna 

4 Dcto H. (1810) Observe tions tut let moEustn*. de. S ££f e t*L d “ 
Amirsntes. Am Sc Net., Pens CO 1* [Cmm on pp IK) 1780 Dcroa 
reHtble, but there tie t few erroneous idenhtaticss. of the 
I UfctAttD, E. (18T7) Cow/ofue * In Few* Jf*rd«piw 

dltxmbocti A IrK wrthout eny comments or notes I SeyeheU PP 

sppsrently tnduded records from the Amimtesss seeB, J>« he doa 
M. Mim,, F_ ras (1880) Du MolU^n dtr Maxkormmjmd 

hot sccnsmt sod quite relisble on the matensl c nflcil jd hr 
(mb He sho mdudes .n references m preejota tododms d- *»d > . 

sod here telly tre there erroneous records ICernrr PP 407 eng 

A. Sstrrn.E.A. (1884) ^eibyref rollKt.m <• JUJUS Alert AWluir^pP 

ehieay «.ves records from the Amtonte, 'hoosh tter. sm I™ SeyeheOe, 
records, Nothing however is tdded to the lisr of Seychelles Coscsrr 

D d ‘" 25T^. zoc/'/Co' 

SScSS. I do not doubt D tt-rtw 

the list mchldes msterisl not otdy front the Sey-chcHe, but site the Amirsntes, 

S Mjtx.vnj*^ 1** ( eT* [1901) Erpcdittcn to the Indian Ocean in H M-S Scolork Mol 
aixlvux, j v-e- tjcpwu ^ Jdentifiaioom ere not aiwayi triable, 

2=5 B“'Sr.w»s 
1 •SSSrtta'a'ss-* 

Volume 17 p 370 Relisble, but not s bw tot 
UtoONT R. (1935) U fsune des Seychelles 5 Crust. et moll 7>stes K. hoe 
A/aur CJ5 (Not aean.] 

appendix II 

Susopunr or Lmsert.its os Cove Srorot. 

1818-1943 

Ss 

b'JS*' P le . , _ c . . „ —rtbo^ca beautifully »ntd with red and 

wt* of CWt *T .StsESSoSUS doml .urf.ee of the hinder 

1rtute r «vd there is a aqua** and very minute °T* T< ^ 3 ’ , ^ Uy gcuie’ rain and 

P*n of the foot, Xu! bite product* « renamed ™dv M ‘he 

“•W . ^ deep mxnsubr marks which » acceded by a w.t«y ve*K» 
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ludc Wtnd of Miyn, one of t£e Molucca*, near Terart# Sir Edwaxd B non (era- 
mod fr of the S^maiyrwf) to bitten by one of tbeae cone*, which auddenly tr rrt r d A 
nrobo*di n he took ft out of the water with hh hand, and ha compar r* the wraathn 
he experienced to that produced by the burning of pboepSoru* under tba lifct Tb 
fatfrument w hich inflicted the wound, m thi* pittance I enoerr, • rmot her* beta tb 
tonjcu*. which m tbeae roolhrtci fa tong and armed with two range* of afaarp-poatod 
teeth. 1 * 


G«AT J E. (1855) On the Head of the Gena* Cwmr Lfmx. Awm Mtf met H. TtL, 
It, p 17k 

After quoting Ajd%MS account gi ven above he addf " Mr APOO fafotm* m 
that it adhere* to the hand by it* mouth lie • leech, u deathbed by AtU-'OCW." 

MAcGtUje*AT J (1860) Zoological Note* from Aoehum, New Hebodea. Tb 
Zeofagut II pp 71W-713S. On a pofaooou* property attributed to Cemn 
" On niy firat mh to Aneitmn I waa told of a aheD-fiih which, on hem* mcaikiawT 
handled, n a«d to eject a porton, cauamf jS It comet in contact wfth tba hand, an hum 
and peculiar centaOon, then ruunhoett of the hand and arm, followed by to term 


1ft 


tmiaby aertre C h eat, and not infrequently death. The nap re name tt intag, * 
mofluac m queatxm ta the w td-fcoown Can** textile Having frequently handled tbla ihrih 
fiah w bile eoOectmg on coral reefa in the Pacific, Toma Strait, and the north-earf cot* « 
Auttrajia, wrthcait having austauted wiy injury from it, 1 wat naturally aomewhit JocreAi** 
in tha matter ret ai th* general belief — which fa new wholly destitute of featoefata*. 
wai agtum me I yielded to it ao Car aa after* aid* to handle with caution any free apecD** 
I aaw I *m told that the tmaO intragi end thoae of certain local i Pea Cone of which a 
near my present rmdence) ara reputed more dtneerou* than othert. The fatr* » «* 
uaually corwdered dangeroui unlew tha animal be touched, w hfch of ctairae no one beta 
will do, except unwittingly but aome of tha nature aay that fa can blow the pdteam 
influence upon tha hand of an intruder from the distance of aewal fcxbea. 


— ~ »u auiarr aiieuae pain. From wnai i coma w ar n u waiu» 

cooiptnioo had been lookmg foe abefl flih by moonlight about 2 heaira prrrioaaT' 
had picked up in the ahailow water aomething which ha did not ace dfatmctlj ltrro«- 
dwtafy on touching tt, and while hta hand area m the water be felt a wn aatkn 
•oroe wr cold water had been blown «i the palm of hfa rtafat hand, and dropped am 
object, which b* aaw to an intra* Not lone afterward* be went home and aoonWTP" 
to comp lam of numboeas m the whole of hu n*ht arm and hand, Tha *** 

“cnbed to ha harms touched the in trag and hx companion went back *° ®e *1** 
it, carefully picked it up, the ahell whh the animal retracted, and erentnally fa A ! *T 
to “ A b*ndaj« waa tied tightly round the aufferer a arm at a little below tb* ~ tZ~ 2 
pdwhen I law him the arm waa cold and much rwollen, and the rmfaa ab o°* ^ 

feeble. I admin catered an enormoui doaa of the aotutjoo of rmiriata of °>c ui*ua, ^ 
waa auffenng ext rti elating pam. A medical ™n rn New Zealand harfci# rix 

tipenment of burying the hand and arm af f ected in freah ewrth, thfa waa dot* w* 
patient ccaild not endure it for Ion*, foe ba literally writhed with pwm , ^ e l {?L ttw i 
fwce or a mat, w,th ba arm in the grewnd. MeanwhOe a man eipmenced tojw*»^r 
had been aent for On arrfral be prepared a knlft of two ttnpa of b-mboo, ^ 

two deep mcaiora m the upper part of the arm, cm* fa front, another befamo, ^ 

bfature which had been alackenrd. About half a pint of blood »r*a 
moenrnr at 8 uil, I found that the morphia had produced aound deepdurootw^ 
and that tha bandage hwj been remored accoufan* to my *u«eatioo- 
•woflen and f It rather cold, but the potation waa equaDy-etroo* at each 
beat! to tha mmuta. Mean* were taken to aniit fa reatormg the noen wl 
tba arm, and wme waa ordered, to be dboeirinued oc fadicationa of d 

tbemaehea. AD pain, except from the inciaicera, had diwppearad and fa . 

about- a week th* patent recovered him uatol health. With regard to tm* 
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to mention chat although satisfied by the arrcumaUnttal evidence that contact with an 
fatrtg had produced extraordinary effect*, yet I could not separate them satisfactorily 
from those attributable to the ligature No pam was felt before the bandage was applied 
“A cue which terminated fatally may now be mentioned On 2Stb May 1859 
1 went aloof with the Rev J GtroiE to tee a aide woman, who 14 daya before wn believed 
to hare been poitoned by her hands haring accidentally come jn contact with an mtrag 
while collecting ah ell fish on the reef The whole right band and arm to wrtiun a few 
»che» of the axilla were m a state of gangrene with the bone exposed m several place*, 
ho haemorrhage however had taken place. I could aee that eumerou* small but deep 
toaDoru had been made m the arm. There waa not, I may mention, as with a light 
J«™d person, the iame facility for ascertain tng the existence of ■ line of demarcation 
w^trecn the bring and the dead portions of the body Apparently there was iwnc 
pwtensl to render amputation at the ahouldcr-jotnt possible, but, unfortunately on the 
bade of the shoulder also on the aide* of the chest, there were indications of merptent 
pntrene m the peering off of the curide and the formation of vesicles, rendering the 
operitioo Inadvisable because holding out no hope of saving life. In th*a case I learned 
®*t a tight bandage had been kept on for several days, probably of itself sufficient to 
toduce mortification even m s healthy limb. 

. T hese two case* are the only ones of which I can say anything from personal 
TOwnrsuon, and I shall make no further comment than merely to observe that as I cannot 
jtod any special apparatus m the animal of Coma textile or aee any anatomical difference 
, *t>d C arenatus (which is known to be innocuous) after examining both I 

reluctance in subscribing even to the universal popular belief on this island 
“* P®*'” °f the intrag to cruse tnjury to man in the manner ascribed to it. A jet from 
•iphori of the animal might partially account for the first sensation experienced. No 
or abrasion of the cuhde ts ever spoken of but in some cases, I have been told, 
itan has been discoloured tKe word used being emffmat, which mean* either blue 
<* green," 


B^WtGscboe. (I860) Gatheringi of a Keturahst in Australia Ldndon. Footnote, 
P >382. 

t v " common Coma textile of Linnaeus is found at Aneitum, and other islands of 
Hebrides' group the animal a poisonous on biting its captor it mjects a 
r^****!* and acrid Hind mto the wound, occasioning the part to swell ana often endanger 
^ the life of the injured peraon." 


(1874) J Citckytiol. tt p 353 (tnmUled bj- Jom'ii ItajiMnrr 
ror Wiujam J Cucvcn and Yoshio Komxxj 1W3 Poison cone shell. Amur J 

aw as, 1 P ii4). 

(Umfer Coma txhpe) 

According to Dr Marik, the sting of the animal C tntfpa n as venomous as that of 
is It is by error however that the bite has been blamed on the operculum it 

L_r speoea reaches m New Caledonia, a very large sac. The feet mentioned 

by several English naturalists, that the brte of C textile ta venomous, was confirmed 
CaltdooJ*. According to an eye witness, a native of Pooebo after being atong 
b»nd, suffered a considerable awelfrng of this hand and the corresponding arm, 
J7*bvtty sharp pain. The swelling persisted tot some time. However the mistake was 
“•t country of blaming the operculum of the Cocos for what was caused by 
t«th of the tongue ” 


iIocr ^ocari£*, R_ p (lff77) $ Conthybnl 85 p 99 ( translated by Beqcakkt forCrrxcn 
ftkeamo Kqxdo, 1W3 Poison cone shell, Anar 7 trap MaL, 23 1 p 114) 
rnw.;.,, t^rved from Father Maseru o ultra, our coneapoodent «i Noumea, a cora- 
■which terms to confirm the truth of the venomous properties of the hngua] 
*I>ede* of Conus, as clamed by some naturalists. Father MoCJtTWOtZntJt wntti 
”*** 11 Man!, oce of the Loyalty Islands, Coma mnrmcnaa which is abundant there. 
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cannot be handled c*rele**ly without the rak of cauen* accident* throuyh th# (thy cf fa 
toogue In the New Hebridc* accident* due to the *Cf»y of C UxtJt ere nil to be ndw 
freqtieot.'* 

OAmn A. (1875) ArwtrfJ Calalaf^i V fAe Spccin a/ (?**» CoOctied fa tie Swrti 
Sea I »l*na*. Q**H J Cww*tJ M 1 p 365 UndtTCwwi to^pa Lfeu, be be* d* 
foDowinf note* 

S o c atwfa et plentiful under chrrnp* of cord on red*. When coflectasy *t tie 
Pacanoeu, I found three example* of thi* ipccirt, and held them In mr hand wfcak widr 
iny for other *heH*, w ben orw taddtr&j threw out It* Ion* (lender proboea* and pooettatd 
one of my firmer*, earning aharp pain not unlike the (tm* of ■ ™p“ 

He record* C tulipa from the VI d, Too**, Samoa, hrywrull, Caroline, Cecal, 
Society Paumotu, Marqoeae* and Sandwich I aland*. 


Cox, J a (1884) Polaooou* Effect* of the Bite Inflacted by Caaar L*“- 

Proc. Lam Sac Scm ScmU, ITairt t op. £M+-fM0 

In the »bor* article 1* publiabcd the foJiowiny letter i etched by Dr Car from 
B. H Hrxrn, B_N Suryeon on H.ALS 

H.M.S. Dm*W, 

"Ateea.Let. 10 N-S^Loo*. 1X3 3VE. 

** The fotlowin* facta a hich I bare learned pertly by bearaay end pertly by per*®* 
obeetvatwn, concern in* the aheC, known u Cornu gmtrmpiaa of Linneeu*, may b* 
Intarett. . 

“ What firat drew my obaerration to thi* curiou* power of C *«* r*f« ‘J*. 

of Nod up New Britain, an interpreter on board ILhLS Zkaworte *ecm* ne 
apecirnen of C rrofrapfatr in my hand remarked, turf 0 *® he bite he kill Mt. 
tna to be en erafitrntioo on the pert of the natrre, but at the e™ tlT ?*, lhiDi r , t- _ 
mu*t hare mm reeaon for eo aeymg. I enquired of him more particularly «* 

•hefl would harm anyone a* at the time I fancied that be meant if the ed* e ol 

cut a perron by accident it would eauro blood pojroning bowerer be 

that the fiih would bite end that the bite waa poaaonou*, and that it eJw*>* affleo pr^T” 

If they did not cut tberawtre* to let the blood run, e0 round the place bitten 

promracd to procure me a lire tpedroen and (how me how It bit. 

“ Thi* pturniae he carried out aa rwarly a* be could for be broufht me roe 
and when b* went to take h up the arctmal had retired, or rather muOfflcM 
into ita *hefl when he cut off tha head, which be brought me eeparated from tne 
The *h«B be brtnyht wei about 5 tnchea in lenyth. v — 

“Some time afterward*, betny in cooretaation with a Mr R- tkk 

Britain cotton planter I enquired if be knew anythin* of thi* tn*n .w,* 

Ccaaa He told roe that he bettered It to be perfectly true, end that he bed ^ 

it to aoneone n Sydney I ahould hare takpn no more notica (V th* ttatenent,^^ ^ ^ 
fact that I *aw myatlf a native, on the bland of Matupi, Blanche Bay 
had been bitten by one, and who had at once cut wriaQ fockion* with * .~Tin ® 
over hit arm and thoulder from which the blood had flowed freely enci „ 

roe that if be had not taken thero preemmona he would bat a died. _ .,7 \j , tf,nc- 

roe aiao the iheJl and bow be had been bitten (there wa* * ma rt *I** jt _ J t |* vrrt r»a 
pemj piece) between hi* fin*ex and thumb, but upon doee 
email baom to the centre but from which eridently no blood hmi com*' . 

“ I may menticai that to atop the bleodin* of the mimeroae artt ^ jb* 

hot wood esbes bad been put on them, and the arm »eem«J » "• to ****• 

tone. Bat whether tin* wa* the effect of the bite or tba cora I ttm) 

Many nacre* whom I queatfcmed (thowiny them the *bell If u*® 
that the bite waa deadly rmiiar Vo or coo ‘ 

** Hopin* that tbeic few ohwmtiocn may be of u*e either e* 

£mmi» C<«±»fc«to p^allr 

Pr Cox further Kate* in the article that an £n*t*nca had ** 

Amrua Adajo of a poiaooed wound produced by the bite ofCw*ar cmttaa 
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Rcr W Wtatt Gill* hsd recorded the fatal effect* of the bite of Conus textile Linn. that 
Mr Braxhr hsd informed him that he had known severe effects caused by the bite of 
Cswtt t*Ef>a Linn, and that the above was the first instance he (Dr Cox) had heard of the 
P«*onous effects of Cojtoj grographus 


^ CDLIT British Nt rr Guinea by J P Thompson London Appendix 

__ "*The natives are quite aware of a poisonous bite inflicted by several of the cones. 
Wroe collecting on a coral reef I once rolled over a boulder and exposed to view a Imng 
Cd**j textile. Before I could pick it up one of my coloured companions hastily matched 
“ • W1 T sod, pointing fo its business-end, explained with vrrid gesticulations its hurtful 
Thirties. Ho would on no account allow me to handle the aheD but Insisted on putting 
it himself into my bottle of spirits.” 


Cdiox Mrs, C (1894) Notes on Poisonous Cones. Proc Rovtd Sot Queensland 
10 pp. 38-39 

Mrs. Coion after quoting from the above earlier reports, adds the following note 
"This account u home out by a specimen received from Tanna (New Hebrides) 
Whtehusbtnd sent £2 to a missionary at Tanna for shells. In one of those (a Conus) 
*okh he received from the missionary r* a memorandum — written I suppose, by the 
*tKlcr stating that the annual sometimes bites its cap tor and i rejects a fluid poison into 
around which causes death In a few hours through contraction of the throat. 


Cooki, A. H. (1895) Cambridge Natural History 8 Molluscs, pp. 65-66 

In the chapter cm Conus, Cocci states that The poisonous nature of the bite of 
"■rtam species of Conus Is well authenticated ” and quotes a few passages from Hind* 
‘ACGiluvrat Adams and Hhjlet which are quoted m full above. 


Halle,- Dr A. Hrannrr (1901) Gove rnm ent Medical Officer s Report. Levuka, Fiji, 
for the month of June. 

^An extract of her report, given in detail below was forwarded by Dr B G Cornet 
September 1901 to the Australian Museum, Sydney Accompanying 
theu said to ba similar to the one that had inflicted the severe bite described m the 
Th® W identified as that of Comas gtorraphus Linn. 

I had under observation a case of a European lady here who was the subject of a 
of poisoning by a shell fish of the species of which a shell is now sent for* 


m T** l ady was fishing not far from the shore in the evening with her family and 
servant m the boat. The shell fish having been obtained, the boy cracked it to 
the meat, which was Urge m quantity for the sue of the shell and having cracked 
To ,£ to ha mi str e ss with the meat hanging from its internal attachment 

j die flesh, she inserted her little finger* toward* the upper end and she declares, 
, _/f“ rt *hoot out a sharp-pointed thing which penetrated her finger and caused such 
P^dor sensation that she at once called out that she was bitten and poisoned. 

poisonous matter is said to be yellow pulpy matter at the thicker end of the 
ft might, of course, be merely reproductive or digestive tissue, or again there might 
£"! be ■ modification of tome secretory gland to form a protective poison gland, and 
m* latter case nature would surely provide along with poison some mechanical means 
injection mto the enemy 

_._Hhe point of puncture in this case was minute and only to be seen with great care 
diat it vu a puncture was much less readily seen than the local effect of the poison 
a bhitah discoloration of the surrounding tissue It was situated at the 
“*® patient a little finger near the side of the nail Through 




*° short a time a 


Through so amall a puncture, 
allowed to its insertion (she did not, unfortunately suck the 


j. * M. Fproccn, 1938 quotation by Cleland (1912) from Rev W Wyatt Gill’s 
u,, h tlx Soalur* Ida 
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itund), but a moat minute quantity of the poiwxi could har* entered the eff refatim , 
yet the effect! were tnoit grar*. Locally a mnnbncsa waa firat experienced. Tha 
extended rapidly up the arm, which be came paralysed and the pxrahxii apeead t h-n x 
rapidly thrcuy heart the body It waa peculiar that not ocihr waa general rruricnltr comnl 
tboL kh ed, even ao far that tb* bead had to be supported o' er tbc trank In order t*M 
u n impeded breathing might he allowed to contmoe but thera «n a loaa alao fa • kwcr 
degre* (a* I think) of aemxrion. with mrmbneaa and pfru and needJea begmofag fa d* 
arm and becoming generalized thraoph the body and to a more marked ck ju* Tiara 
waa a tb aa ppe ar mnce of muicuiar aenaatkn and a complete absence of knee jerfcv The 
patient comuntly aiked where her Lrmba were Utteranca waa thick and fadiatmet The 
respiratory and cardiac muscular apparatua did not at any tpne parhdpata to a dmfenxn 
de gr ee fn the parxlvm. The atornach, h o wever may hare been affected, foe I axil net 
mduc* Tarrutmg NSTien at it* wont, mm 3 or 4 boon after the p u aa ocmr begin, th* 
condbtron dn tlnctly affected the throat, and a good deal of datreat an earned by tha 
difficulty to rarvnme accumulated fluid. The potaon aeemed to me to dearly befac* 
to the ctan of which Curare It the type Of that I felt aaaunrd aa soon a* I had eramaicd 
the patient and obamed the freedom of the reap* ra tore and circulatory centre* from Ki 
action! compared with the abmlutc abrogation of voluntary muacular power »o that, 
the patient weighing IB-odd atone*, I felt a good deal of anxiety aa to whether the anal 
wxxiid no* dislocate at the shoulder when the bode waa Idted m tha chair by tha haoch 
under the armpit* pndeed, it waa ex cee dingly difficult to mu' e the patient, all tha part* 
hemp ao abnormally yielding The treatment I adopted «u merely oarretrd to the mar 
talrung of life till the noiaoo thould hare been destroyed. The heart and lung* were quite 
equal to tbetr work xf other d rrurra tancei could be kept fartnrrahJc Thia w**®® 8 
plaang the patient m a aerru- recumbent poaitioo In a canra t chair and by keepin g tfa« 
head m aucfi a poaruori that breath inq and swallowing were facilitated. I abouJd ban 
lied to re her* the circulation by Inducing v o mi ting bat failed to do ao. Had 1 mtt 
* tryUirur>c with me I should her a injected rt hypodermically but I did not feel yah-Vu 
fa leasing the patient to grt it. The wont w*» pa*t m about fl bom*. The 
made about 9.30 pjyi Parslyxia Lai ted an with steadily dirrurriahinp intensity m 
next day but the rtumbnet* Lasted considerably longer in the Injured finger J 

month after the patient experienced a shock fa the little finger on h*rd bp pact icc 
in playing tha pttno. Tha wa* the la*t symptom to dear up unless the aoee 
began and lasted later ire to be attributed to th is person a* their cxioe Tbixijti 
declare that re co ver y from fish poisoning is often complicated by sore eye*. ) et i « m 
awara that the tradition would apply to thla kind. I hare heard amce of 
of tlua k m d of fiih potsonmg, and among otbeT*, of a Kadavu weman who died 
ah* coaid get from the *bore. M 


Co*-VTT B G (1905) Smtmr M p 193. , ^ k,r, d 

" I notice that doubt n cast on tha opinion held by aean* author: tie* that ^ 

certain ipeciea of Cmi a pooonout and li a (W baa now occurred bere * • 

•tihject wboae mtelhgence place* her account of it beyond queatwn, I Oun* 

u»eful to repreaent the coeroboeatna endeoce thua obtained. , f tried 

I ahwtld mention, first, that a ibefl exactly amwlar to tba one fa rmtXt 

to the Australian Museum, Sydney and that I am indebted to Mr Ethotuc*. . » ^ 
f prjn fonnation on the posnt and for the Identifieaocn of the specimen D 

Th« fo Sen a prriai of Dr A. Humm HaJ-LT*'* ca** (I0O1X efuahfied a* Mr*. B- 

Cuuxo C Burnw (1911). Injurie* and dbeaw* of 

Aroma h (except tme«i) TU Ant «nf- G*a, M. PP- 269^4 295-299. (m 
Moliuacx, pp. 572-274 ) . , , _ , iIr r.ic n 

“ Bite* of aheO-fi*h of the ganu* Coma Through the th- fyfrxr** 

Hxjxxt fjj of the Au*trali*n Muwram. Sydney who baakfaxDy „ waia t 

reference* to bite* from *heQ* of the genu* Om at ray dt*P°^k 1 , cptfaaa <* 

a number of valoahl* account* of tb* aevere effect* produced 
inexperienced handling of theae a nnua l* - Save that oo* of the nnpocatto 
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new'thl? S>»^.tU^tofe U oi^ti^n‘ CT ‘ ld S Cd u n " Ctl5 ' Aui& » 1 ‘“ 

J»wr of brmjmi the reference. toc?fb^ h?”* it teemed well to uke this oppor 

ir [ ®- Ethertooe, Curator of the Australian*^ *^° mu <P cl1 indebte d to the courtesy of 
nlmhh information suppled bj- Dr County A *“ cum> fo J poimmion to mo the very 

«* M "h^,' tL^SStTh^ *° d f0r *«*"«■»» 

Thu Utter rate w r!U ri. 1 reproduced front h. 

15 pt. 10 p p n?d20 d iB^5 n u ^^i5““J P i" per ,,* nd re T> rod “eed in fuU m the 
" and morerecently reonnted hThfn Si* Po 1 ‘™ ,D » b r the Bite of Cornu 
Wo (1913) which „ refened to bel^ ^ fa the P*P" b f W J Clencji end 1«Hlo 

S ™n. F lSl-lT 011 Bte poisoning by the bite of Coma geofrapJmt Linn. Venn, 
Thn rrm*r t« _ . . 


in the British 


Miuenwi R£ unmhh^ r-T w-— ^ m Although it u available 

}S2 * epenfic cue U pSSTid^'fS 0 ^“°^”* t °, C “' CH md lomto Wdo 
n*""' — 7&0 fcTcSES, * l^T ° f *“ *“ W, ntamly of Dr 

CoLjJt“o’^i^’*fS^‘ M” 0 ®** <B P 41 sndj Cemthyiwl 7« 


VM luanoj, QueemUnd Aon.rH.rt* u c lw * na * one ot the Whitsunday 

s es^js ** «- dm ^f^c.'o’r^^u^i h*rtdM; 

^. to b * Y ' *«=" mray oSS SewheS." fim cue ,„ Am.r.l,, „d Acre do 

— <'*>*> “« I— the See 

WsspMW M~ s 

rendu of . ponmo’^ST e^S^ 8 ™ * ^ *“““ ° f *• =»e, 

fiautea . Bensoncus Shell fish. Med J ire 1935 on eea_eee o 

irSpS^.^SriJ^Jl^Ca 5 . ®>9MW) ^ 8 *“ 

to Australia ( 

CZT 1 ^ 1 * 25111 June, 1935) ). m ~ , *** * l 1U >™ itiano, o 

rf?P* ***d cm the .Jj! term* of poisoning by 


„ “This D*tv*r - - . ita * pp 393-394 ) 

feS&“ mzwtStZT'SS °J 

Ijw’T accident* to humSHi^!? ”7 the fivc *P cac * of Conus so far known 

i^tmdea NW l °~ hum * n m the South Pa* I.Wh-New GuineoS 


l 1 !* Tl caused accident* tn hy • h*t of the five apeoea of Com 

el??** New to bnnan beings m *e South Pacific hhnds—Nei 

pgt *“d h*™ 0 ** Bib* New Britain, the Cirohnea, and the Soeaety* 

Btaek of Cema on rt. ■ncttim t> deaoibed as eatranrdmarr “ Cone. 
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Opcnfaf into this tube h a radtda-sac eo nTtirrm g Mro row* of bhbodui tretb trd a ban£b 
at the end. When mbbrn* food or when oppoaed bT any outside aitncy axi as the bni 
of a h anan be ing , tna Cona immediately (boots out toil proboscis and dr effect » psid 
by the «hnp pcants of the teeth winch arc hollow and hare ■ aweffing at then bam. Tba 
person r ea ches them from a sp e cia l person gland." 

The i] li - i turn of poh ocmg as described are tboac displayed by Dr HAtUXi cm 
(1901) and of that of Tost InDUa’j (1905) ( give n In more detail by F in , u *. I£®5). 

The trtjcW ends op with the statement that to the author a knowledge t here h* beta 
do literature published on the proper tr eat ment for this portomny, and the win u tee ttn 
there k ample opportunity for a medical mm, r ir cr ested far this branch cf h* se rr s e . *• 
an t s tig nr the porsoo of Cone sbtB-fkh and its treatment. 


Flxctx*. FL (1936). Coo e aheO mofhrsc potsorong with r ep or t of a fatal esse, 

Amt-, I9>1 pp. 464—160, 2 tnt figure (photographs of C. jign^st wbeh armctl 
tb* fatality). 

In this paper tba author quotes moat of the cases given by Ctnat n and ala 

new matmal as follcnn — 

“ (a) Cl rr iv n Sixth rep o rt of the MierobjoJogrca] Laboratory (New South IViia 
Government Bureau of Microbiology) 1913 . 

Prof taw* Pi it a m quotes the foDowrrat extract from Lxf* r» tf* Smtmra Ida by 
Rrr W WriTT GrtX “ On the Island of Maif (wutbernmost of the Lorahy Gmra 
immediately to the east cf New Caledonia) n the doubtful Djrfat, a natrre unhappil y P* 
a food sired ibeB-fiah (Ccwas male) and put it in hr* basket. He imroediitrfy fth 1 P°™~ 
■ensatson l u r cu r tg up his right arm to the shoulder He went bcanr The pari torrrwo- 
until ha writhed n agony The body rweBed to an enormous sue and by dayfignt be w» 

“ 0) Early this year it waa deoded, at a conference held at Cnms. to ftrm a R*P*“7 
of Enquires caused br Plants and Animalj ki Tropical Qoecralind, and 
narres wre forwarded to all the medcal practjnorwTS practwvi ki North VA»enslai sa. 
first caw repot ted was by Dr T B. Oocntrt, then at Pi oa er ptnc. to »h«n I am mx&ra 
for details of the fatal cm here r e c or d ed . „ 

“ C. H. G, a male age 27 years, wWst on a pleasure cruise lnvkd * 
car 27th June, 1933 and packed up a Etc c c oc sbefi famce identified by Mr aLA.w'***- 
of the Queensland Museum, as Como gny a pAat). According to an d*-** 11 -**: 
flipped aa the palm cf m hand, srhh the open side downwards *> centaet ^ 

whim wnh the other be pro c eed ed to a cia pe with a knife, the epidermis, that m » ^ 

coremf tha hard part of the shell. It sraa dnrr rg this operatkn that be was 
r-im <7 tha hand. Just a small puncture mark was vwflde Dr CwctnW<W«»» 
patient untfl nut before death, but the following details were obtsmed sw*d 

petjem’a mothar who sras present wnh hen. Local aj im<tau» « ahgh t W 5 tW 

<ncr. Thera was no pain at any tine. Ten mirartaa aJu. - s jastL »» Jt ^ ^ ,7l) 


of stiiTi a — about tha Bps. At 20 mirsi t r s tha cfht be ca me blurte d, with t 
m i nutes tba legs were paralysed, and at 60 minutes uixi.iia'rsrsnrta appearta 
mto c i a i ti . 

“No effect waa noticed upon tba skm, lymphatic, afimentsry ea. , , rrf . 

Just before death, tha puhe h arm, weak and raped, with slow shallow repfc**»- 


be * bhT ' 

Mr J B. Hixmacrt G ov ern m ent Analyst, rrports that ocesfio* 

tha stcanach conte nt s. The rjdkn was, poor to the injury in pertect pny»“ 

and in training for football n tm&* rtp* 9 - 

“ Tha ijuiptu L u a resemble much tboee of curare pooenmj c efcnnt» 

As tmaal, tha p mutm e sraa in tha hand and h iai g nifit** * fa sia^- Tna ^ ^ gctik 


a the entna absence of p 
o Case 1 (AOJUO, 1350; C 


a mtScm) kr which tha r 


pboapbocua beneath tha skm Caaa 2 (Cacnsx and Mtm. »{i± *«* 

•cisrs pam peiuated for asat tana Casa 3 (GaOTTT 1978, Cw tatrf*J 
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ra ihtrp p*m, not unlike the tting of a wasp Case 5 (Hau.in 1001 dto Coma teofraphxa) 
n which the patient felt a aharp pointed thing which made her call out at once that ahe 
an bitten and poisoned. The victim of the fatal stinging by Coma textile (W Wyatt Gill, 
qocted by Clpamd 1915) immediately felt a painful sensation running up to the ahoulder 
aioch increased until he writhed m agony 

The genu* Ccjwj, a gaatropod mo II use, ra quite e common one, there being nearly 
frre hundred species, but report* of only five of them inflicting injury can be found in the 
litem ure. Although one at least, the dead ahell of Coma antmone seldom aeen alive, b 
frequently waahed up on the beaches of Southern Australia, moat other apede* are tropical. 
Inthe region of the Great Barrier Reef many species are common. Of those already 
mentioned, Conus textile b met with from time to time, but it b by no means either the 
largest or the moat frequently met with, while Coma geo grapfaa is relatively rare and, 
a'W'tdmg to Hedltt ao rare that few European* aee It alive 


H_ (1939) Fatal bite of Coma feographus Verna 9, pp 1&5-100 (Translation 
appearing in JVoc Maine. Soe. London (19-10) 14, p 32.) 

On 29th June 1635 a man, 32 year* old, left homo about 10 a m. for bathing and 
•befl collecting Soon after he wa* infected by the bite of Coma geograpftus He imme- 
dateiy felt great pain and scarcely managed to walk home. A doctor attended promptly 
the patient a temperature roae to about 36° C. ( — 113® F) breathing became difficult 
*od ha finger tip* were purple. He was soon unconscious and died about 3 to 4 hour* 
after infection. The shell is stated to be about 13 5 mm. long perhaps thb b a misprint 
“* 13 5 cm. (or 135 mm. ) 

Ct^cu, William J & You no Koxdo (1943) The poison cone ahelL (Received for 
pubhcatiou 23rd October 1942.) Amtr J trap Med., » pp 105-122. 

During the past 100 year* a few specific case* of death by the bite of a cone shell 
0 -oto) have been published. The total list of known case* U not at all impressive and the 
f* n ^ rr from such a source may be very minor indeed, but It b present and constitute* a 
oaiard and should not be overlooked by the ahell collector m the tropic* 

kt these tunes when an ever increasing number of our armed force* are being sect 
10 5? trDp k* * ru rpnsing amount of interest has developed in the collecting of shells 
^Pbca where they are come upon more or lea* casually a* while swimming Thb 
b to focus attention on a potential haxard which might be encountered, especially 
"the South Seas, and to serve as a warning to those who would hardly expect a formidable 
in the form of a marine snalL 

. T he number of unrecorded deaths from this cause may be fairly extensive as the 
^8®*1 bite may not have been noticed, particularly if the collector has auffered the 
7^*7 cut> *nd scratches that one encounter* while reef collecting especially among live 
cohl 

* r Tb® primary function of the bite of the cone shell is to paralyse it* priy before 
upon the nnmobilned vict im — a condition strikingly parallel to the use of 


, condition strikingly 


tkLP2* < * 1 *PP* r * tu * m the rattlesnake. A secondary function, though to a leaser degree 
Uiia J n . t ^ e rattlesnake, is that of protection. 

, AH cones, so far as our held experience would show are exceedingly sluggish and 
T p* 31 ta ken from their environment remain almost completely inactive until they die. 

cr it would be wise to consider all cone ahe Us as potentially dangerous. We have 
7*” 11 dub slides of several species and all are equipped with a rather formidable biting 
~PPUatui, though none, so far examined, eq uals m size that of Coma rtnalus figured in thb 
report. 

w. In March, 1941 during the senior author*! visit to the Hawanan Island, Mr Cluton 
0^*1 Honolulu, cohered a fine large specimen of Coma ttnatsa off Rabbit Island, 
Y~**»Jn about three fathoms The Junior author dissected the specimen and made the 
that accompany tins paper _ 

•y. The mechanism of the actual delivery of the poison 1* still difficult to understand. 
l, P—scm b apparently not delivered directly by means of the poison gland through the 
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from the Engu*] membmv. It will appesr tint after the tooth has penetrated the rkrio 
a slight retraetjoo would open or rupture the lower barb (Fija. 6 ana 7) and thus opto ^ 
tb* duct for the deln-ery of the poison, Thrs may then open ■ channel thirUjb wbfci tie 
ptnsoo b subsecnjently fj ec t eJ by pressure of the muscular proboscis, tbs entire proroi 
beinjf eery rapidly cmied out." 

Then follows a cranplete collection of oriental records from 1837 to 1930 md • 
description of tha anatomr of Cm» Hriatn The poison fland ususlly known « 
gland of Lefbin b here called “ Simrotb ■ GiftdrQae. The paper b Hhritnlad by acren 
teal-figurr* (draw ing s) and a plate nlirrtratinjr tbs I brill of C {*ag> mfAw i C. m /inr, 
C m OTXteD C tahpa, C t/rfih and C ttriana 

StimiurT or Atmtow wno kati actually R mmnn Can or Craa S trees, 
Fatal Cats echo ixdicattd it aw Aimta. 

C mmt mmSaa Linn. 

A nan, A- (1848) — Molucca*. 

Como UxtHi L inn. 

MacGilUteay J (l890) — New Hebrides.* 

Cap* and Maui (1874) — New Caledonia. 

Mrrnworarra, R. P (1877)— New Hebrides. 

Utatt Gill, Rer \V (I8S4>— Loyshy Islands. 

Hxdctt C (1892)— New Guinea. 

Cmaa w sj *wn n Ldnn. 

Mcwtmchct, R. P (1877) — New Hebrides. 

Cm ar trhpm Linn. 

Cao*, H and Mabu, R. (1874>— New Caledonia. 

Gamitt A. (1878) — Paurnoeu Islands. 

B*Aia*(18S4>— I'wfrJ C. Cox. 


Cam ftofutplmt Unn 
Hixrw, E>r BaxjAMca (1884) — New Britain. 

1 1* i m Dr A. Hranrr (1901)— Fiji- 
Soottawl F (1930) — Japan. 

I bum li, T (1933) — Qusemland. 

Clowtow Dr T B. (1836)— -Same case. 

Y-urao H (1839)— Japan. 

Hnurm, DrLCD (184 5)— Seychelles (IKE) 



TiAxucncra or the Royal Society of 
Teopical Medicine and Hyoune. 
VoL XXXIX. No 6 June, 1946 


513 


AN OUTBREAK OF TRYPANOSOMA CRUZ1 INFECTION IN 
INDIAN MONKEYS 

BY 

J D FULTON* 

AND 

C. V HARRISON 

Liverpool School of Tropical Mediant and the Department of Pathology 
Liverpool Urdvemty 


Trypanosoma crust it generally considered to bp a parasite of the New 
World However, M alamos (1935) found a trypanosome in the blood of a 
rmni her of Macacus cynomolgus monkey* imported from Java which had been 
°*^y * *hort time in Hamburg He thowed from its morphological character*, 
me *hod of reproduction m mouie ti trues, pathological anatomy and trans- 
mu,,on by Tnaloma infest ans that the parasite was T crust None of the 
“^beyt naturally infected with these trypanosomes thowed clinical signs of 
*nd the infection was mild in character periods in which trypanosomes 
10 the blood were tcanty being followed by negative periods Sub-inoculation 
10 other monkeys gave rise to infection after a long incubation period. The 
c^urte of the disease was unaltered by splenectomy except that, if earned out 
'hinxig a latent phase, parasites reappeared in the blood. Other laboratory 
Uurni l* were infected and the morphology of the trypanosome in passage 
*niiruU was identical with that in the naturally infected monkeys. He suggests 
T crux\ infection is not confined to the New World. 

Trypanosomes have alto been found m the blood of Asiatic monkey* by 
ot ber authors. Brumpt (1909s) found trypanosomes in the blood of a young 

* Member of the Scientific Staff of the Medical Research Council. 
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on tldt date did not aeem well, and remained it tba bottom of his cage with bead darn. 
Trypanoaomea were found daily m the blood till 23.6.-41 The anbred, then morJmd. 
wn killed with ether Mkc were inoculated with itl blood and became infected wsh 
tr y pan oecene*. Postmortem e xamin ibon re i cried nothing abnormal in tha «|n 
Section! of brer tpieen, kidney and heart war* made Tbe hemrt ahdwrd no leafac, fa 
mime row ac vtfa ra. Tbe brer • bowed mahnal pigment and acme fatty change, bet no 
other kikett. In rphe of the absence of any r iggtt t f i c leaiom, tba section! were exmdneJ 
for paruftea, but none w ere found Tba ktdnry a bowed one small foco* of erftihr faS- 
tratKio abnflar to that teen fa MR28 actuated at tbe function of cortex and medaEa. Wi 
failed to find pa rathe* in it The tpift* contained considerable malarial pigment la 
many of the Malpighian bodies there wu focal byperp la via of tba retknlurn ceG* cf tW 
g erm centre. Leishmania ctsges were demonstrated in these. 

MR! 1 Thu animal waa inoculated with blood from MR 34 on 12.1 44 Af*sr 
aereral attacka of malaria, which were treated with drug, ha blood wu uaed to fafcrt 
MR42 on 2L2.41 It ru iplenectornized on 21.3 4-1 and killed for toother pwrwwa oa 
18.5 44 It remained well throughout, and trypanoaornea were nam fcamd in hi okxxL 
MR42 waa infected wrth malarial blood from MR41 on 2IJ.44. It had ateni 
attacks of malaria from which it r eam re d with treatment. AJdwwgb hi blood e* 
examined regularly for trypanosomes for aereral months, none we r e dJaco*errrd till 15 
when only one trypan o»cme waa found in 200 micruacoplc fltkU. They remuoetf kmUj 
till I 10.44 when the animal for tha firtt tone appeared to ba ID and rrmairwd lyi* dewo. 
On 2.10 44 it had a ronT-uhhr* attack with twittWng cj ami* and fags- la taea ww 
iwtJkn, and it cried aa If in pem. Between tbe cooruiarew attacka it waa ioco-crdiaiw 
and clung to tha ben of the eag* while ha faca and mouth twitched ccrufaroocdy Ai 
In aoeue of tha other infected ankrwla, there wai a mucoua discharge from the narra. On 
3.10 44 the conruWra attacka continued. sometimes beginning whfla food w aa bemg 
takrn, to tba animal waa killed with chloroform. Poatmortem examinsdqi ternbro 
euhcutaneoua oedema of the fact aa tba only abnormality The animal wn wefl ncannoao. 
Exammancai of tbe gut content* for F.. Ajrta/yfwa waa negairre. Tha rectal tunpcntnrt 
fust before death waa 1 00-4 F Section! were made of rariooa tjsaces, Tba 
Wan cradle aim Oar to tboac of MR40 and leiihmania atagea wara 
hmt MCJiaac (femur) contained aereral fod of macrophage infiltration up to tOOmOK mrw 
Lciahmania atagea ware found (Fig. 5) Tba hemt ahowed a few amall fod a 
phage infiltration, all leaa than 100 ? dwmetar both in tba aubpencardwl moneenra^o* 
and in tba myocardium. LeWunania atagea weta fiwnd in both ahea 
Tba botr contained eomiderable malaria pigment, and ahowed a few email loa oamac^ 

^ infiltration, but we were unable to demonstrate any parasite*. In •dditjom^ 
ing tiaauea were examined without any Jeafao being found : Pancreas, xmiwj 

bram, lung, adrenal and voluntary rraacJe. , , .... 

1MR43 waa inoculated with malarial blood from MR42 on 22-3 44 Aft tr drug 
mem, parasites were bat aeen on 20 4 44 On 16344 tbe annul wai apiroe^tnn^ 
and appeared to hare been cured of malaria, aa there waa no retnrrtnc* of Jantcocin- 
13.8.44 after repeated exaramatiora near a period of many amnty 

trynanoaoma* waa noted in a freah blood preparation. 6n 18344 tba mai l 
and died auddenly while under obarrratwn, without any pitvfcne Waitsuoti 
Trypanoaornea had increased fa number! to three per field on this dtfa. _ 
reraalad nothin* abnormal to the naked eye, and the animal appeared to be w ^j 
E. fartWyrica waa not found fa tbe gut contents. Sectiona were made cf 

In the heart three arniR fod of mononuclear fafihratwn were aeen, ^ intSttati* 

ana m the peric a r d ium. No paren t q were found. Tbe Jfrer abowed chmjac - a ^a 
of tbe portal tree*, but therefore none of tbe focal fcaion. 

No paraahea were found. Tbe Iraq ahowed a ahght mooonudear TM 

pla-irachnoid and into the Virchow Robin apace*. No paraartre could be 
botf and hitmey faiowed no ksfon. . On 153-44 

MR 44 wu a atock animal which had nerer Iwen uaed for 
aea«y trypanoaornea were peoaent in hi periphatml bk»d- Tbay were last aikad 

Tha blood wu regularly examined till 14 12.44 with negadre ru^b ^ 

was killed on that data hiring remained fa good health. Apart 



Fio 1 —Blood film* < f Mini %hnwUw t rrunt ( ' I 
„ Fio 2. — Blood filim of nvKiv Infrct^l from Ml( >1 riwv/iuy i uu*t ( HUM) 

Fio 3 — Pencardnim of MR42 •» t/min# Jrl'firriNhlri •iifniMMlNl I Y n tt# ih mikIchi Jlifll 
itatUift ( ' WXf) 

Fio 4 — Myocardium of MM* nhnwiMf * f««* • * »'["»'*<" ImI llifl {Mill II f ^ II 'll) 
Fio 5 — Bone marrow 1 f MM« •iK'WlWf IhW.IimIiM l(HKl) 

Fio 6 — Liver of MK24 »lrf/wln* f«u* <1 mMWimiMi lunlfMUirfi ( ✓ a/tij 
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fa the rrilli and groin, nothing abnormal was noted postmortem. Sections were rrude of 
nnoui or g an s. No lesion or parmrrte was found in the heart or Irctr In the there 

was one minute focus of mononuclear infiltration, but no parasite was found The lung 
ihjwed some oedema, but was otherwise healthy The spleen showed hyperplasia of the 
term centres of the Malpighian bodies, similar to that teen m MR40 and MR42, but 
*e were unable to demonstrate parasites. The bone marrow showed one minute focus 
of mononuclear infiltration similar to that teen m MR42, but we failed to find any parasites 
The srOLtry lymph glands showed a simple inflammatory hyperplasia, ho pmrasitcs were 
foemd. 


Source of Infection 

The source of infection in these animals was naturally our first concern. 
Had infection occurred before arrival or subsequently ? MR26 and 31 had 
been m this laboratory approximately 2 years before trypanosomes were found 
m blood. They were housed in a separate room from mice in which 
* laboratory strain of T crust is main tamed. From the above histones it 
appears that MR37 may have been infected with trypanosomes and was the 
of the monkeys to die. As a trypanosome infection was not then suspected, 
0nI y ‘tamed preparations of its blood were examined and parasites could easily 
b*ve been missed if numbers were small. It is noteworthy that MR28 and 
MR31 both inoculated with its blood on the same day, had trypanosomes in 
thar blood within 2 days of one another about 8 weeks later MR31 was 
me second ammsl to die. Whether MR34, which was the original source of 
the malanal infection for the monkeys concerned was infected with T crust 
«■» well cannot be stated, especially as MR44 which had never been inoculated, 
b*rb cured trypanosomes which could only be found in the blood over a short 
P^tod. The effect of splenectomy to which some of the animals were subjected 
u of doubtful significance m causing the trypanosomes to appear in the peri- 
pheral blood in numbers sufficient for observation. M ALAMOS (1935) noted 
“° WCTcr 111 the case of M cynomolgus infected with T crust that if splenectomy 
were earned out during a latent phase, trypanosomes did reappear in the 
blood. 

It seemed possible that the infection might have been conveyed from 
ected mice by ecto- parasites generally to be found in a laboratory either 
Qirc f*y or through faeces. A search was therefore made for bed bugs which 
‘ nevr were sometimes imported in sawdust. In all, thirteen bugs were 
t*med from wooden boxes with sawdust bedding used to house stock rats, 
, Wcre never found m the metal monkey cages The alimentary canals of 
^ng* were examined for flagellates and suspensions of them were injected 
mice, all with negative results Brumpt (1912) allowed Curux leclulartus 
eed on animals infected with T crust m the laboratory and the bugs became 
cctc d m 100 per cent, of cases The faeces of these bugs containing flagellates 
infective to young rats on inoculation. BlacxlocK (1914) also showed 
j, ^ enm could live and multiply in Cvnex lectularms for long period a, and 
^ parasites in the bug are infective for laboratory animals Transmission 
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of the disease to healthy animal* by feeding infected bug* on them m cf 
very rare occurrence. 

Our monkeys were thetmelres inf rated with lice (fWxaaar laxpap), 
which were removed by mean* of a fine comb Several dozen* were ground 
op at a time in *ahne on different ocean cm* and the ruipennon* then 
crammed for flagellate*, bnt none were found. Mice were regularly injected 
intrapentoneafly with *uch *u»pen*ion* but no infection with T crua resulted. 

Flea* were never found on the monkey*. 

The blood aynnge* a ted for inoculating monkey* were kept for that 
purpoae alone, and it wa* not powible that infection from outside *ooites could 
hare been caused by thi* mean*. 

■\Yhen these investigations had been co mp leted. Information wa* obtained 
that the *hip in which the monkey* had been tram p orted had called at * 
number of port* in South America and had paired through the Panama Canal, 
which it of possible significance regarding the source of mfectwa. 


ID ENTTFl CAT I ON Of Tin rAXAJITE. 

The trypanosome found in the blood of the above monkeys wa* morpho- 
logically indistinguishable from a strain of T cruti maintained in mice in thn 
laboratory The large blepbaroplaat and other features as seen in stained 
films, and the peculiar lively movement of the trypanosomes hi wet prcpsnoocu 
of blood were characteristic. Mice were inoculated with the blood of each 
infected monkey and the course of the resulting infection in these aniimli wa* 
followed at the same time as that produced by our stock strain of T ernn, 
also maintained in mice without any differences being noted. The morpholo^ 
of the monkey parasite was unaltered by passage in mice. The oedema prodoerd 
in some mice by our laboratory main of T cmn (Collict, FultoM and Ixrm, 
1&42) also o c c u rred w some mice inoculated with the monkey tij panos ome. 
Thi* oedema has never been noted by u* in mice infected with any other 
of trypanosome. Camera Judda drawings were made of the trypanosoma* 
from (tamed films of monkey blood, fr om the blood of mice infected ^ 
monkeys, and from mice infected with our normal strain of T _ 

aieTage lengths of the trypanosomes were respectively 18 3p, 17 7 f 
Went on (1928) gives the length of T ct»» « approximately 20* 
occurrence of broad and slender forms was noted in all three types of huemnn. 
The blood of mice infected from monkeys wss cultured In ^ nxc> V| . 

(1938) at the same time as that of mice infected with oar laboratory .j 

similar results were obtained. Leishmama form* growing in duster*. » 
a* flagellate forms, were found in each case. Lenhmantf form* 
present in the tissues of nace infected from monkeys, and in the 
heart, pericardium and bone mar r ow of the Infected monkeys thenueires 
different occasions. 

From the above fin ding s, we conclude that the parasite wa* T cr ***• 
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Discussion 

The source of mfeetjon in these monkeys is still not beyond ill doubt. 
We hive, however been keeping batches of Af rhesus for a number of years 
under similar conditions and have not noted any similar infection with try- 
panosomes, nor have any other monkeys died under similar circumstances 
Some of these animals sickened and were ill for some days before death, but 
m the cue of MR37 and MR43 death was sudden and no definite reason 
can be given to account for it. MR43, for example, collapsed in the middle of 
« meal without previous signs of illness, snd scanty trypanosomes had been 
present in its blood for only s few days. This is m marked contrast to the 
experience of MaLAMOS (1905) with cynomolgus monkeys He never noted 
,n T dmical signs of illness m these animals naturally infected with T crusi 
Datis (1943) had two deaths in a batch of ten M rhesus monkeys which he 
mfccted with T crust m the Isboratory Fewer trypanosomes were found m 
the blood than was the case with our am mils, and he was not certain that the 
trypanosome infection was the cause of death. Whether the previous bouts 
of malaria in the present instance contributed to the fatal issue is not known. 
It may be noteworthy that MR44 which was most carefully observed over a 
penod of 6 months and had never been infected with malaria, had a scanty 
trypanosome infection which lasted only 13 days. This animal remained well 
and free from parasites for 4 months thereafter, and when it was killed sections 
of various tissues failed to reveal the presence of leishmama forms 


Summary 

Of a batch of ten Macacus rhesus monkeys received from India, the blood 
°f four was later found to harbour trypanosomes. Two other monkeys of a 
previous batch, inoculated from an animal which subsequently died under 
^npiaous circumstances before a trypanosome infection was suspected, also 
^mc infected. 

The infecting trypanosome was shown by morphological and cultural 
characters, as well as by its method of reproduction in tissues to be lndtt- 
^^Etiiihable from Trypanosoma cruxt 

Transmission from one monkey to another by blood inoculations was 
P ou ^ c m some cases, but one infected animal had never been inoculated. 

The source of the infection has not been definitely traced. It is known 
***** ^ *hip transporting the monkeys called at ports where T cruxt infections 
° CCUr m man, insects and animal earners and infection might thus have 
? < ^ CUrrc d during the journey We cannot, however completely exclude a 
Ubor *tory infection. 

The possibility of T crust infection should be borne in mind when working 
rhesus monkeys. 
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report of a case of multiple idiopathic haemorrhagic 

SARCOMA OCCURRING IN A WEST AFRICAN NATIVE. 

BY 

WALLACE DENNISON major, bjuic 

AND 

WINSTON EVANS major, a-a.m.c. 


Smee Kaposi (1872) first described this condition a large number of cases 
hire been recorded in the literature The disease is met most frequently among 
the labouring classes of Russia Poland and Italy and occurs not infrequently 
»mong the industrial classes of most large cities This communication is of 
interest in that it records an instance of the condition m an African. 


CASE REPORT 

The patient, a Nigerian solder aged 30 years, was admitted to hospital on 
262.43 as a case of Madura foot. His right foot was swollen os in maduro- 
®yco*a and presented on the dorsum fifty raised nodules varying in sire 
10111 i to J inch in diameter (Fig 1) The right leg showed pitting oedema 
The condition had existed for over 3 months but the patient felt well and 
that he had lost no weight. 

The nodules felt fibrous and appeared to be fibromata scrapings showed 
D ^her sulphur nor black granules. No organisms were seen in smears 
none were isolated on culture A typical nodule was removed for histo- 
examination. 

No glands were palpable m the popliteal spaces and the inguinal glands 
Vcro ^ rt hin normal limits for an African and were approximately the same 
,lc ^ es There were no typical yaw s scars and there was no evidence of 
N./lB tclt wm * nc K lltlvc and remained so after a provocative dose 

^Blood examination revealed no abnormality and malaria and filana parasites 
not found m thick film* 

,bnorr nality was detected on. examin ation of heart, lungs abdomen 
CCe * or unne 

^ 5 11 43 th e number of nodules had increased to over 100 There was 
oence of secondary involvement of the regional lymph glands and the 
felt qm te well * V * 
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//ufological Report 

A CTfojm*cribcd tumour characterized by a proliferation of atypical ijdaflc 
cell* arranged for the roojt port m vrhorli and Interfacing bundle* ginng the 
Imp rail on of a urcorrmoui neophsttc proce** (Fig 2) The nccki of tin 
ipindle cefli are reticular and pale • timing ahowing some marpnatfoo of the 
chromatin (Fig 2) hyperchroma tK nuclei and mitotic figure* are not promt 

The ipindle cell proliferation appear* to be related to *nnD angiornitoo* 
area* with swelling of the endothelium and proliferation of the penmen Ur cell*. 

There it much infiltration by lymphocyte* and ptmna cell*, and banner 
rhage ha* occurred into the tunic apace* There t* ray little pigmentation. 
Hyperkeratosis u a marked feature and there if tome fibrous of the derma. 

Fig 2 t* a low power view showing the cellular arrangement of the tumour 
and Fig 3 ii a high power view of a region of Fig 2 Oluitratlng the detail of 
the atypical apmdJe ceil i and their relation to an tngiomstou* area. 

Comment A*r 

The occurrence of kapoii’a diaeaie in an African pretent* an intereftffig 
problem for diagnoti* and include* the coral deration of the foil owing dneuea 
(a) multiple fibronutota, (4) maduromycotia, (e) jaw*, (J) ayphili*, and (») 
clephantiaaia with upset m akin nutrition. \s tome of thete condition* 
co-exat, differentiation may well be rendered difficult more specially if the 
hi* to logical picture of the tumour t* predominately inflammatory to type coo- 
tutmg chiefly of penvwcular oedema and infiltration by lymphocyte* and plaima 
cell*. In the caae detenbed the Iciioro were etsentnlly of the prohferatire type 
composed of atyptcal spindle cells of uncertain ongm givmg the Jrnprestrao 
a neoplaaUc process. Their relation*hip with angiomatotn area* would r ^f oi 
a probable ongm from raacular endothelium. 

Neither our cluucal nor hoto logical observations tuggeat any new eap 
tioo for the condition. They merely emphasize ita typical mixture of 
tory and neopbuuc procette* and it* tpecifle angiomttou* features. 
occurrence in a young adult x uncommon and the degree of hyperkera te^ 
ptaama cell infiltnOon, and the s mall amount of pigmentation are the on 
charactemuc*. 
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SOME OBSERVATIONS ON SALMONELLA STRAINS I N 
DOGS MICE AND TICKS 


RUDOLPH REITLER, mjj (vtsnxa), 

AND 


RUDOLPH MENZEL, hj> (vienna)* 

From the Government Laboratory Haifa, and tht Caxtxe Research Institute 
Ktryalk Ale taka. 


During the last few ) cats a peculiar canine disease has been observed 
mainly amongst dogs living m large groups (kennels, or dog* belonging to 
communal settlements) and particularly m localities where infestation with ticks 
was nfe. The disease somewhat resembles distemper or Stuttgart disease, but 
differ* from both in many respects Our attention was drawn to it in 1939 
when one of us (R. M ) introduced the disease unintentionally into his own 
kennel by accommodating ten semi wild paruh dog* which were intended to 
be used for breeding experiment*. Out of these ten animals nine died in a 
short time and since then the disease continued endemicalfy amongst the 
European dogs (boxer* and alsatiam) until it came to a standstill in the whiter 
1942-43 It* peak vraa reached m the summer of 1942 when tick infestation 
was considerably higher than in other summer* 

• \\e be® to express our thank* to Dr MacQdexn Director Method Semces of 
Palestine, and to Dr Hinvubt Deputy Director (Laboratories) forpermi*«k» to poblah 
this article. 
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The incubation penod of the dtaeaic appear* to be about 2 wed*. It* 
duration and symptom* vary considerably from a hyperacute course lasting 
let* than a week to a chronic condition of 2 year* duration with temporary 
improvement* followed by rehpse*. 

The fulminating cases give the rmprosion of a *eptkacmia with high fever 
tonsillitis, generaitzed enlargement of lymphatic gland* and enlargement of the 
spleen, diarrhoea, complete anorexia and extreme apathy 

The chronic c**e* may start in the *ame way more frequently how cm 
an mudiou* onset i* observed with *light diarrhoea and glandular nvelltny*. 
The disease develop* in inch case* *krwly bating on an average about 2 month* 
and evolving into a much more varied picture with roseohr *pota on the skin 
cough, sometime* pneumonia, rhinitis, rpu taxis and encephalitic or neuntic 
lyraptom* (ttolatcd or generalized paralysis of mu*de group*) A* the disease 
progresses the glandular rwclling and *pleen enlargement become more marked, 
the dog* are very anaemic and eye-comp hcation* such a* keratitis, *c!enti* and 
inti* with depigmentation arc often observed In contrast to the initial enormia 
the dog* become voracious but in *pitc of that they get pnjgTes*brdy weiker 
and eventually die from emaciation perhap* partly due to anaemia, or during 
an attack of pneumonia. The blood picture show* a normal number of leuko- 
cyte* but a more or les* severe hypochromic anaemia without ngn* of 
regeneration. 

Sudden »pontancou* recovery occur* sometime* mainly in young ani msh, 
but a* a rule convalescence r* very protracted in those animal* which recover 
at *11 In young animals enamel defects of the teeth occur frequently sftcr 
recovery as teen after distemper Bitches contracting thfe disease during 
pregnancy invariably abort and if they are mated during convalescence relapse* 
occur frequently leading also to abortion. There is hardly any difference m 
susceptibility between young and adult dog*. Therapeutically no drug ha* 
proved to be efficient. Sulphsmlamides had, if any only an unfavourable effect. 


Other dfaeiMS, mainly hehnfnthfc Infcstatfea. rei y frequently compbaUtoea®- 
ditioo *sd it a difficult to uy bow fir they contribute to tb* severity and tbe duntfian^ 
th* dae*»e. In particular infcatatJon with DscAmo seem* to hav* s 
mffnence and etamdersbie knptovsment in chronic casts has u 

by ■ nt b rhn mtfuc treatment. Thu*, h may be that very Jon* J**tmg co °TtI“L^ 
tho later Wage*. cru*ed by the ctxnplicitin* factor alone while the pnmary 

zLgrsss. 

1S35), winch k transmitted by ticks, can ako not bo rnfcd out with 
blood wneiri and gland ukr puncture* never revealed the P* cw*i ce cl ncxettiiie 
thi* particular rickettsial infection aver been observed fat PakatJne. __ ^ 

In view of the rather lQ-defined clinical picture it is hardly po*« , 
present to give any mortality rate. Some case* of differe nt aeti ology ^ 

been wr on gly attributed to this disease and some mfld case* may 
missed. As we have now simple diagnostic means at our ,_ te 

agglutination and culture, it will be possible in future to assess 
more cmreoly for the tuie brin* it m,j bo atfauttd .t .bout 40 pa cm 
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As frequently repeated parasitological examinations of blood, glandular 
*ad spleen puncture* invariably yielded negative result* for all protozoal disease* 
we tried to inoculate subcutaneously 1 0 cc. citrated blood from a severely ill 
bitch (“ Lilith ) into a guineapig At the same time another part of the blood 
wi* cultured in glucose broth. 

The broth culture vras turbid after 24 hours and by further examination 
the cultured organism was revealed to be a Salmonella The strain was forwarded 
to the Representative of the Salmonella Committee of the League of Nations 
Department of Hygiene, Prof A. Klopstock Tel Avitf who kindly examined 
its antigenic structure and determined it as VI, \IV \XIV r 1, 7 The 
0 antigens and the unspecific phase of H are, therefore, identical with S carrau 
but our strain differs from it by the specific H antigen which is w S carrau 
“ y It differs also from S abortus cams (Gard 1938) whose antigen formula 
is IV, V XII-b z, z, 

The inoculated guineapig developed a cellulitis at the site of injection and 
died following progressive emscxation on the 8th day after inoculation. On 
postmortem examination the spleen was found considerably enlarged, the 
pericardial cavity filled with turbid fluid and the heart muscle gray and very 
frtabte Microscopically, the spleen showed the usual picture of an acute 
infection and the heart a suppurative pen carditis extending to the external 
layers of the heart muscle. Culture* from spleen and pen card isl fluid yielded 
the same Salmonella strain as found in the blood culture of the bitch. 

Meanwhile, the epidemic began to subside and we only had the opportunity 
to examine by blood culture three rather severely ill dogs Of these tiro were 
negative but one bitch yielded again the strain 1 Lilith Stool examination* 
could be earned out only for a few chronically ill dogs all proved to be negative. 

At the same tune (Autumn, 1W2) an epidemic with high mentality broke oat amongst 
the white mice in our Haifa Laboratory as well as in the Bacteriological Laboratory of the 
Hebrew University Jerusalem. In both instance# the causative organism was found to 
be c SalwumeUa identical m its antigenic structure with our strain 14 Lflith ” ^Information 
about the Jerusalem outbreak obtained by kmdncys of Dr Outzkt Department of Hygiene 
Hebrew University) In the Haifa outbreak a spread of infection from the canine specimens 
was stffl conceivable although highly improbable but this explanation cannot be applied 
to the Jerusalem epoofltic as this laboratory had nothing to do with the disease m dogs 
and had no connection whatsoever with the Haifa Laboratory We cannot but auppoae 
that at this tone the strain was particularly common tn the susceptible animal* of this 
country On the other hand, it seems to be noo -pathogenic for man. We induded the 
atrum tor a while in our act of strains for disgnoattc routine agglutinations and had not a 
tmgle positive result in more than a hundred human sera. 

The fset that *n outbreak of the disease coincided with an abnormally high 
tick infestation led us to the examination of these parasites One hundred and 
*ix tick* ( Rhptcephalus sangtanevs) were collected from chronically Ul or con 
vulescent dogs dipped into tincture of iodide, dned, washed with 60 per cent 
alcohol and dned again The abdominal cavil) was opened with atenle seniors 
•nd the whole tick put into oi bile broth 
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In one adult female tick the culture ni pcdrtiTC. But the sahnondli 
recov e red from ber bad the antigenic formula I\-g p^n — that u to sjy it th 
identical with S rxlmtiAis and totally different from our 1 train " LiEth" The 
bitch from which this tick had been taken was just recovering from the disease. 
Her blood culture was negative but her serum agglutinated the strain from lie 
tick to a dilution of I 2,560 while the agglutination with strain “ LiEth " was 
oegatne. Thus, it became obvious that we were confronted with two different 
endemic salmonella infections to the same locality But just as wc had decided 
to disentangle them by agglutination tests the scientific ambition of a kenn el 
maid contributed still more to the confusion. While taking a walk in the fields 
she found a dying hedgehog and, aware of our investigations, she picked eight 
ticks from it and brought them for examination. Unfortunately the hedgehog 
was left behind. In one female tick an immotDc SdrrotuUt strain was fewsd 
— thu tune with the antigenic formula W II — that ts to sar an unrootUr 
5 hfktt strain. 

These findings are of course no strict proof that ticks act as transmitten 
in salmonella infections and in the two moose cpizoCtKx any part played by 
ticks can definitely be excluded. But thar role as occasional transmitters u 
very probable m the bght of experiments earned out by PaJtmi and Sru-^TTiCi 
(1943) who succeeded in transmitting S exlmtidii to gmneapig# by the tick 
Dmnstrnlor cmdmon The salmonella is harboured by these ticks for as loeg 
as 5 weeks and may be passed through the egg to the larrs. 

\Vhb our three strains we have aimed out agglutination tats with ten 
of twenty-seven supposed survivors of the disease and of four heahhy contacts. 
None of the dogs sera agglutinated the kxrh-rt strain fro m the hedgehog The 
agglutinations with the other two strains as far as they were sufficiently high 
to be considered as significant (shove 1 80) are rummanred m the following 
table — 


Ajt*nt3uiaa 

fWarr* 

with 

Njom. 
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Thus, we see that out of twenty-seven dogs which had been ill, eight gave 
t significantly high agglutination three with 5 cntentidu and five with the 
strain * Lilith^ The other nineteen either did not agglutinate at all or did so 
with a titre of or below 1 80 But it has to be noted that the »era of both dogs 
from which we obtained the positive blood culture* agglutinated their own 
strain also not more than 1 80 at the height of the disease and both died soon 
afterwards Out of the four health) contacts three did not agglutinate at all, 
while one bitch, probably after having passed through a subchnical infection 
showed a higher tit re than the frankly ill dog with which she had been in contact. 

Summary 

1 Salmonella infection* in dog* have been observed in Palestine partly 
with S eitienUdu and parti) with -a new strain with the antigenic formula VI 
\IV \XIV-r-l 7 Tins latter strain was also responsible for two epizootic* 
m laboratory' mice 

2. It is \ ery likely that ticks act occasional!) as tranmutten of aalraonellas 
as S nxtentidix was found in a tick from a dog and SalmontUa kirket (var 
tmwtobths) m ft tick from a hedgehog 
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OBSERVATIONS ON AN ANTBEAR ( ORYCTEROPUS AFER) IN 
RELATION TO INFECTION WITH TRYPANOSOMA 
RHODESIENSE 

BT 

E. BURTT TH.D-, I) I c. 

Entomologist Sletptng Skkneu Rararzh Station, Ttnde Tanganyika Territory 


Vanderplank (1941) wu the fint observer to record the experimental 
infection of an antbear with Trypanosoma rkodaieme A single animal wu used 
and ita mean body temperature prior to infection was 97® F (from ten observa 
tiona) After infection with T rkodavrue, 2 per cent, of the 400 Glasana 
mom tans fed on it developed salivary gland infections Two rate- bitten by 
one of these infected flies lived 16 and 20 days respectively Records at Tinde 
laboratory »how that the « pea men itudied by Vanderflank lived 10S days 
after infection, death being apparently due to trypanosomiasis 

During November 1941, another antbear about half grown, waa brought 
to the laboratory It measured 3 feet from head to tip of tail. It thrived on 
milk and, later termite* were added to the diet After 2 months early morning 
rectal temperature readings were taken for a fortnight At first the animal 
resisted vigorously but by the 2nd day it was more docile and toon became 
accustomed to this procedure. Temperature readings were then discontinued 
until 4 dajs before it* infection on 5.5 42 by fi) C V 19 which bad been isolated 
from a Thomson s gaxelle Temperature readings were continued daily until 
the animal a death on 26 6 42. It lived 51 days from the date of infection 
Three batches of flies each comprising 132 individuals were applied to the 
antbear Two of these gave transmissions to clean animals, four infectire flies 
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being found by isolation on rat*. In all thirty rat* were bitten by there flirt. 
The data relating to temperature, the courac of the infection, tram rami biKty 
in flic* and lor gen ty of infected rata are green below 


I — TniPznATtr*n. 


(a) Before infection 


1W2. Jan 20 

97-6* F 

21 

95 -T F 

22 

95*4 F 

23 

950* F 

24 

95 2* F 

20 

95-0 F 

27 

fb-0* F 

28 

95-0 F 

29 

95 <r r 

30 

95-0* F 

31 

95-0* F 

Feb 2 

95 ■O’’ F 


Mrv 1 

950 F 

o 

95-0* F 

3 

95-0* F 

4 

95-0* F 


Indication of progrewire 
decreate of fright 


Two teparite obaerratfon* and 
obeerver*. 


1 vm observer* end the ther 
mometer mi again checked 
on the wnter 


(b) After infection 

Fifty three observation* were taken between 5.5 42 and 26 642. 
temperature vra* 95-0 F throughout with a maximum n nitron of + F 
on 2 widely aepa rated day*. 

II — Tin Cou*tt or the Iwmmo-f 

5.5 42. — Fly C \ 19 ex Thornton a gaaelle 31 bit twice without f«dj^ 

The blood wa* examined on 10th. 11th and 12th May but w*a negathre in 
field* of a » tamed thick film , 

13.5 42.— Blood + 2/250 field*, warned thick film (Incubation period ot 
T rkodcaenst in the Antbear 8 day*). 

14.5 42.— Blood -f 12/15 field*. Warned thick film. 

10.5 42.— Blood + 13/50 field*, Warned thick film. 

From 17th to 20th May the blood vrta negative In *even exammaticro- 
On 1 9th May two rati were inoculated each with 1 C.C. blood ^ 

jugular vein. They remained negative. On 20th May two f urther ^n t*^ 
aimilirly Inoculated. Both were infected (life 55 and 02 day* reapecnreiy}- 



29.5 42 — Blood + 18/1 field*, stained thick film 

Two rat* were inoculated each with 1 c.c. blood from jugular vein Both 
were infected flifc 70 and 97 days respectively) 

30 to 31.5 42 — Blood — 0/200 fields, stained thick film 

1 6 42. — Blood -f 1/200 field*, stained thick film 

2 to 12.6 42.— Blood — 0/200 field*, stained thick film (four examination*) 

15.642. — Blood -f 10/1 fields stained thick film 

16 to 26 6 42. — Blood — 0/200 fields, stained thick film (eleven exam- 
ination*) 

The antbear appeared unwell on 9th Maj but recovered next day apart 
from this instance, jt remained in good condition until very shortly before it* 
death when it deteriorated rapidly and showed considerable emaciation. 

26 6 42.— Died (Ufe 51 days) 


J1L — Ivmmot or G morntmt. 


Expert- 

merit. 




Flit*. 



Tmru 

mm wo 

Djte fim 
•ppbed to 
boit 

Jsumber 

uwi 

Number 

examined. 

Number 
+ rv 

Percent 

•r 

infected. 




133 

32 

3 

3 8 




133 

<* 

i 


n 

Mai 


1« 

18 

0 

0 


IV — The Lovarvi rr am> Ihcctwttcc« Potion or Rat* Ivmrrro rt Fun Imuittd 
raou nn A-Ynw. 


Or 

Nt*nber of rmu. 

Life of txt* m d*j«. 

Incubetroo penod of 
r*t» tn d*j%. 

G.ZJtl 

7 

30 3S 35 M 4J 33, 

30 

fl 3, a, 3 a, 3, 6 

G Z.39 

12 

3S, 33, 3V 14 S3 31 

53 3*. 4*. 50 U, 40 

« » 11 S 8 M, 7 

5 3 3, 3 

G.Z.40 

2 33,34 

3 3 

HA- 2 7 

o j» 3_ *7 « JA, 48 

r* w 

6,76567563 

'To+,1 SO j Acer*(t* *0 6 d*T» 

Armjre t 3-9 d*y* 
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CoMvctn 

\ andoltlaxk * record for Jn antbear was grren along with data winch 
pointed to a ponible relatiomhip between normal temperature of hurt, tranmn- 
fibOity in fLea and virulence of the urpanosomes a> manifested m no 
(C wnmt au and T riodmcmr). Hi* s ugges tion waa that the lower the 
normal tem p erature of the boit prior to infection, the higher w » the subsequent 
trarumLuibility of the trypanosomes rn flies and the shorter to the length 
of life of rata bitten by infected flics (nr„ the greater was the virulence of the 
trypanosomes). Hi* data for antbear cGd not entirely give support to tin* 
scheme. The temperature wa* 97 s F., salivary gland infected flies 2 per cent, 
and infected rata lived an average of IS dara. This short length of Gfe of rats 
conformed with his suggestion bat the low tram mrsaibihty fotmd m flies tfid doc 
In the present investigation the temperature of the antbear was 95* F„ 
I 5 per cent, of fliea had infected salivary glands (in two experiment* winch 
gave transrmuicms) while rata bitten by infected fliea fired an average of 40-5 
days. These results th n« agree with those of \ ANTJOtM-en: tn the low rxtf 
of infection found in the fliea, but do not support his suggestion that transrrav- 
sibihtv and virulence of a strain of T rkodrsinat may be enhanced by passing 
through animals with a low man body temperature. 

REFERENCE. 

\ ccnruNx, F L- (1M1X A not* an the relation between *r rmJnwt e rf Try 
rhodrarwM towards rat* mad lb* normal Wood tenperatun; at ti* prema 
mammalian host. Trmn*. R. Sac. trap. Vrrf. Hyx- « 
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CEREBRAL LESIONS PRODUCED IN HEALTHY DOGS B\ THE 
INTRAVENOUS INJECTION OF 4 4 -DIAMIDINO STILBENE 

BT 

E. G OASTLER, Lmrr -Colonel, jlaju c., 

AJfD 

H k. FIDLE R Major, r.a jj c. 

(From a British General Hospital, Jl/JLF ) 


The cerebral Ieaions to be described m this paper were the result of the 
injection of freshly prepared solution of 4 4'-diamidino stilbene They were 
found during the course of an investigation which was onginsily earned out 
because of the death of two patient* who had been treated irith the drug 
Two esse* of Sudanese kala axar were treated in our hospital in September 
1941 with 4 4 -d i ami din o stilbene , totals of 3 15 grammes and 3*05 grammes 
were given respectively by intravenous injection over a period of 3 weeks. The 
drug vfas sent to us from the Stack Laboratories, Khartoum already prepared 
as a 1 per cent aqueous solution, and at the time of its administration was 
from 1 to 4 weeks old. Both patients were apparent!} cured of the disease 
but died late in convalescence One patient died of acute haemorrhagic pan- 
creatitis 3 weeks after finishing the course of injections and had minimal central 
necrotic lesions in the liver and tubular nephritis. The other patient died 
of terminal hypostatic pneumonia 7 weeks after the last injection. Postmortem 
examination showed tubular nephritis, early cirrhosis of the liver and chrome 
interstitial pancreatitis. 

These lesions suggested a toxicity of the drug and in order to investigate 
this eight healthy dogs were given daily intravenous injections of the same 
stock solution. The daily dosage waa rather lesa per kg of body weight than 
that given to the patients. The lowest average daily dose was 0 8 mg per 
kg of body weight and the highest was 2 1 mg per kg of body weight. Only 
one animal survived the course of twenty-one injections. Five died at varying 
intervals during the course and had tubular nephritis and minimal central 
lobular necrotic lesions of the Iiscr Twv. died suddenly immediately after 
the injections on the 4th and 6th days respectively and did not show any such 
pathological changes. The animal that survived the course and was killed 6 
weeks later showed a healing stage of both the liver and the kidney lesions 
The drug used for the patients had been made up in solution for some 
time and when used for the dogs it was from 4 to 6 months older During 
the interval no precautions had been taken to protect the solution from the 
light The question arose aa to whether these lesions might have been due 
to a toxic effect produced b} some change in the drug when used as an old 
solution Therefore a sene* of ten dogs was injected with a fresh solution 
of the drug made up immediate]} before each injection Using this freshlj 
prepwrd Mluoon no liver or lndncj loioru wore products 
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cnenpjrtely cnwcran. (Fig 1 ) It died next day Partmortem mmmi'jo tnnlrd 
large re gre t * of *oftm*nr and lu« lujj i Luge m both optjc thatarm. the nod b in and the 
crrrbellcr pe dun ckx. MdoacojocmCr the l eu ora »irt lunil ir to those described in 
Dev ■* w-ith the a dditi o n of a inOd and rnbacrrte m flunmaUaj mfihratjoo of the bawl 
menfne r * . Thu appeared to be a direct i priad frocn the tenon xn the >xrtl«n «r y e du Dckx. 

DogG 15 kg A total doae of 46~ 5 mg. mn creen m twmtj-ooc i n j e ct* ™ maksa 
an rtmjr daily do*e of m mg peT kx body smebt- After the fan fa kc t io o the tng] 
fairn e dut ehr nrtnated and defaecated. and app ear e d ataxic. FemlaT hot lew marked atma 
to Doticrd after the tecood electron. On the 8th day tn Edition to mu Ltd atrra, 
a rwtx C am pi ng part ra p merit. which wa* roorr marled m theforekr*- Tha remained 
ermtmt for A days and t hen gradually di sa pp ea red d u r ing the toexrrdfac week. On ■real 
oeact*ne» there to rweCntr of the cyrbdi c onan g on immediately after the ipjedWn and 
leetmc for se-rrral boon. The ammal a p p ear e d healthy when It era* kiTird en the fid 
dar (3 weeks after completKai of the coarse). Paetmnrtrm « nmm i tra » hoard m the 
anterior part of each caudate nucJca* a mall haemorrhagic cy sti c leacn meararin g about 
2 men. fa diameter No other brim teron* were found. sDcroacopically the caudate 
leacn* cremated of a central collection of wcD pi tan s t d cry thna y tr * unr o u nded by a 
narrow rone m aLxii the myelin eras racuolated and infiltrated snth large ceD* cmtmni 
brown pigment. There sm acene pern aacular «• 1 1 fTi r w with tmall round cefla m the rry tn 
near the Iroon and also an apparent mataat fa rlnl ceQa m the acne of de mu Lan ce. 
fTrr. 4 ) 


Dcx ** 14 I kg A total doae of 60 true was pun fa four mj ee ti ona making an 

■ v e rare daily doae nf I -f»5 mr per kr of body weight- Immediately after the fast Li^ctan 
the dog became exerted and barked wildly After the nest three nyeetjona k whfcrpettd 
end appeared £H- On the 5fh dar n to tmeonaaout It* legs were extruded and ipartt 
and rt* bead retracted. It rwallowed frequently but there waa no lahretion. It <trd 
later tn the day PcstmoTtem e nnn cxp ahmred * ftrywh red nprst of roftening end 
haemorrhage m the roof of the fourth Ttntnde. Thu extended into the eetrbeDotn fw a 
depth of 1 cm. A irailar region of tof teii iny and haemorrhage we* found in the certleal 
cortex of the left occipital lobe \licroacopic eiamfaatxm ahowad m ye li n ilijtrentixi and 
mfihxaJxm With erythrocyte*. In acene place* th» to rant uotjceahk fa doae ndatjon 
to email blood eeaaefa. The walk of acme blood reueh were jnfifcnUd whh pohmee 
phomreksr leucocyte* and *m»Tl round ceUu CoHecueai* of both these type* t* celh 
wsre found scattered irregularly thrtKigbact the necrotic lesions. Nrrre crib in the lerec 
of the orapcil cone* ehowed mil degree* of degeneratwn. 

Deft. 18 kr A total doae of 650 mg waa gfreo m twenty-one faject*** nw ltrr 
■n arerape dady doae of 1 mr per kg of body weight. Inwnedutefy after the first 
m^at Xridi the anim al whmed and appeared rertlew. After tin* there ware no apparent 
effect* apart fr«n rather marked awelhng of the ayrDd* wluch came on a few mfantt* 
* < 3 rT of the tnjectxiea and Uxtrd for mml fcoor*. The amnwl appeared b«ltoy 

whu . n wa* kjfad 13 day* after the course finnbed. No aigmficant Ie**cn of any krod ww 

fiwi ftd poatmortero ruber cxi naked-eye or hmloool cunmanon. . 

4 5 k* A total doae of 15" 5 m* wa* firen fa twenty-caw ■V« O0 fV D ^? 
anaretapt dady dow of 1-frt m* perk* of body errlfht. Tl* animal tolrratrdtha dna 
fairly wefl untd the Ian 4 day*, when rt b e cam e msetrre, had fmpjent ahnerfag 
and appeared all. It eraa tilled 2 days after cwnpletjcM of the course. Foalnuatem eiato- 
matron reeealed no wgraficrot lenooa. erdwT by naked-eye or hwtDiock*flT 

^ 1° 8 ' 6 kg A total doae of 315 m* wa fa terarty-ona 

an arexwe dadr doe ofl ‘4 mg per kg of bode weight. There were 
on the Pih and 14th day* when ewrGm* of the erebd* and face occurred aftrrt**b“*^ 
injec tion*. Immediately after the nin eteen th g j ec ti op the animal b ecame 
The bead wwa mneted and the leys were tpttrir It rtcprrre d ctawcyAricaa to 
5 inuiutL S. but tmtd It waa kiHed cndediT after the twenty -Ant nrjecoeei d 
weak and unable to ttand. occanocaDr howfag faodft- «* though it we re fa 
mortem exammatjee mealed greywh' rtd regie™ of softening and ba«*“^P 

right frontal cortex, both opuc rh.Wn. and throu*hoot the cetebeOnm, , . 

part forming the roof of the fourth eentncJe. \bdtwcofMaHy 

of dfgT-™-ntxn, hseToerthage and wiAfrration wnh mwnerou* poJymoepbeaToeJotf*^^. 
Many of the imxH blood remek had thickeoed srall* which werw aiS!n*tfd with P“-’‘ 
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phonudesr leucocyte* *nd small round cell* Some of these vessel* contained thrombi 
Nerve celb showed *D degree* of degeneration depending upon their proximity to the 


Jeikm (Fig 5 ) 


SUMMART OF RESULTS 

The results of these experiments show that five of the ten dogs had clinical 
manifestations of central nervoua system damage and that m all of these five 
animalt macroscopic a* well aa microscopic lesions were found postmortem. 
The one animal which had recoicred from early neurological sign* and was 
lulled 3 week* after completion of the course, showed a healing lesion in each 
caudate nucleus The five hther animals had no clinical signs that could be 
definitely attributed to the central nervous system three of these showed 
nothing abnormal in the brain, but in the remaining two there were micro- 
scopic lesion* in the brain stem, cerebral cortex and spinal cord 

The clinical manifestations were \ery characteristic, the chief feature being 
extreme and generalized spasticity the condition resembled that of decerebrate 
rigidity 

The liver was essentially normal in all animals except one in which there 
were small scattered foci of central lobular necrosis and a moderate degree of 
fatty change The kidneys were normal except m five of the animals where 
there were slight fatty degenerations m the loops of Henle os shown by Sharlach R 
preparations 

There was no apparent relationship between the degree of neurological 
damage and the amount of drug which was given Thus in Dog 3 1-46 mg 
per kg was given daily for twenty one injections and produced only minims! 
lesions, while m Dog 7 four injections of 1* 00 mg per leg produced very 
extensive damage 

Comment 


The pathogenesis of these selective cerebral lesions is not easy to explain 
The small vascular lesions found in Dogs 2 and 3 are probably very early and 
minimal examples of the gross lesions seen m some of the other animal*. This 
vascular lesion may be the primary condition which is fallowed by intra 
vascular thrombosis, myelin degeneration and infiltration with erythrocytes and 
leucocyte*. The ratten oruet of tuna or uncontnoutoett which w** teen in 
tome of the animal* immediately after the injection *ugge*t* t va»cu ar 


•para and local anoxia may be important factor*. 

The tommy of the dri .. knora to ™y conudcrably 
^TOtE and Yomke (1939) found that mice ,^1, We“. 'though they nett abh 
.mgle dote,, but that puppie. Jnl Icon, which 

to tolerate doses of 5 mg p« kg body tittue <aiiccp tibihty of dog* 

we have described may re P r “ ent J! n J^ . JL to Indicate that damage to the 
On the other hand there >» clinical treatment with -1 4 -dismidmo 

central nervous system occur*in patien ^ cav3 m ^ch the closely related 
stilbene kiRK and Sati P® , a | arming epileptiform seizures and 

4 4 dismidmo Jiphenox} pentane 
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CTT1LUJN TEST 


The crphahn cholesterol flocculation test seems to fulfil both requirement!. 
It it the purpoie of this communication to present the behaviour of tint tot 
in five cases of infective hepatitis detected in the pre Icteric phase and in four 
cases developing m contacts without an ictenc phase. 

Methods 

Due to the lack of facilities, the deliberate production of infective hepatitis 
in volunteer! could not be retorted to I had to depend, therefore, on the 
earl> detection of cases with a natural infection. This was done by routine 
determination! of the cep halm flocculation test on sera of patient! admrtted 
to the wardi of the American Un i v ersi ty Hoapitali at Beirut, with the complaint 
of general “ run down health. Two cases were detected by this way The 
other procedure followed was to perform the test on the sera of errata eta iq 
a small outbreak of Infectious jaundice in Anfi a village In Northern Lebanon 
In this way three cases in the pre- ictenc phase and four discs of the n on-ictene 
types were detected. The details of the preparation of the testing emuhion, 
the reading and recording of results, are to be found in the original work of 
HviGca (1938) 


Results 

1 Group I — All of the five cases detected in the pre-ictenc stage of 
infective hepatitis were strongly positive in the ctphalin test (being + + In two 
cases and + + + in three cases) at periods varying from 5 to 1 1 days before the 
development of chrucal jaundice. Coincident with or shortly after the develo- 
ment of icterus a climax of -f* + + + was reached. This was maintained for 
a period of 10 to 15 days dependent on the severity of the conditions, to be 
followed by a decline m the curve to negative coincident with d mi cal recovery 
A brief account of Case 1 is given here to illustrate the point — 

J P (Hospital Cast Is o. A 1 1-12). A 38-yrar-old Eagfaih captain who cam e in for 
• u check up examination cm lOih January 1W3 ikirmj a abort Jems He bsd 
m tba Nsar Eaat for 6 rr^mtha pnor to trfnmrVav For tb* last month he ccrnp lxxwd °* 
a decrease in apptm* wah a feaiin* of fadfue and being ** run down. On ailua wirn 
dia g nosi s of amoebic cofatii and hepatkb wai mad*. Hla Bear was ahfhtly cnlarjwi m 
tender reaching to 1 cm. below the coats ! margin. Stool narrunation was n«T »ttre ree 
amoeba, but tha caphalm test gave a + + + reaction. It waa pomred oat to tfaa titatin* 
phyaadan that tha case might be ooa of infective brpatitu in its pre icteric plwaa. Of 
13th January 5 days kter -iniwl jaundJca was apparent. This was coincident wtni 
a na* m tha cep halm tart to + -r + + and of the icteric mdex to +0 On 2Sth January 
tha cephahn test becama -*- + + and tha Icteric index 23 On +th Februarr pa tient w w 
discharged from tha hospital m knprored. Hi* ictenc index dropped to 8 and the cepbaim 
teat to x 

2. Group IL— This refers to the four esses presenting the picture of 
infective hepstitu with fever and a tender and enlarged liver developing 
individuals m contact with esses of Infective hepatitis but without ciin>«l 
icterua. Id all four cues the cephahn flocculation test was + + + + 
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Table. 


tttXKUVtrD CAMS or CTFICTT OCT JACPfDfC* DtnCTTD is THE nri I C 1 EJU C rsui *T THX CTPttUJ^ TWT 


No. t 

Initial*. 




Enbrfe 


Cep halm 


Aft*. 

Sex. 

Comp bint. 

ment of 

Date. 

tot. 

Note*. 

-J 









i 1 

J P 

3$ 

M. 

Run down n 

I cm . 

in i -13 

+ + + 

No Jiundice Came ft T 





fed inf end 




check un “ duivu. hti 





Jom of *pp*- 




lea e from Amor 





me 




mtwoodiatnou* cv4 









to. 







15 1 43 

+ + + + 

Jaundic* apparent 









Ictenc Index 40 







58 1 43 

+ + + 

Jaundice kn rrudnt 









Ictenc Index 23. 







4^.43 

± 

Pr dudnrsrd. Ictetk 









Index 8 

S 

N 8 

•I 


Nauaea with 

J cm. 

14 ID 44 

+++ 

No jaundice Admitted 





m3d abdom 




for *mdr 





Inal pain 


30 10 44 

+ + + + 

Jaandice appatettj 









Ictenc Index 43 







57 10 44 

++++ 

Jaucdxw mteuc Jrrp/^ 









Index 75. 







i n « 

+ + + 

Jaundice k*» 









Ictanc Index 44 







11.11.44 

+ + 

Jaundic* lew itkrttj 
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18.11 44 

± 

Pt. dacfaarfrd in*s 









, Index 11. 
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3. Group III. — This refer* to three ewi of iplrochactaJ jaundice. Of 
there one was a case of Y\ ril « disease due to Lrptoffxr* srtmiAamafTAajw 
The cephahn teat was found to be -*- + +10 tint cate. The other two were 
aia of relapsing ferer due to Sptrockarta rmrrrrxtis The crphiEn teat wn 
+ + in one cue and + + - 1 - m the other 

Duccniox 

In in endeiTOur to to hr the problem of terura jaundice, FrxDTJT 
MacCaLLCH and McltCATJUDTD (1939), it well it Botox (1943), hire suggested 
the rejection of potential blood demon who gire a history of recent non-surgrcal 
jaundice Since ten from case* in the pre »ctenc phase were found to be infec- 
tive to volunteer* by OUFfUXT and hi* luocutn (1943) and since many cases 
of infective hepatitis do not develop an ictenc phue, such a suggestion doe* 
not premde for enough protection. 

More recently MacCallcm and Bact* (1944) kept their ten for a month 
before use watching thor donors in the meanwhile for the development of 
any infective disease. Thia procedure cannot be applied where transfun era 
are needed under em ergen cy condition*. 

Locttt and Mwnu (1945) recommend that ten for prophvlacuc nae 
ihould be individual ten, They refer to the finding by AxD*ewb (1944) 
that dilution of a virtu may increase its virulence, that the nroa aumrea Seitr 
filter and drying process and that it may even be stabilized thereby Theae 
author* admit, however that the amount obtained from one donor u inadequate 
as a therapeutic unit for transfusion, and that it has the disadvantage of having 
unwanted uo- agglutinins. It is evident that the crux of the whole problem 1 * 
that of detecting ict erogenic »ers before bleeding and consequent pooling The 
pr es e n t findings indicate that this it best accomplished by means of the cephahn 
teat. It u suggested that the test be earned out, along with the Wassermann 
reaction, on ah prospective blood donor*, and that negative reactor* to either 
teat be included in the certified donor* list only In case of donor* who have 
been in malarial regions, the mtradermal rest m malaria described by the author 
(Mauuu, 1946) should supplement ibis test to exclude cases of latent malaria 
where the infection may be transmissible and where the cephaEn test is 
negative. 

ScMitur 

1 Five cases of infective hepatitis were detected m the j>re ictenc stage 
by use of the cepha (m-chol est crol flocculation test from 5 to 1 1 day* before 
the development of dim cal icterus. . 

2. Four cases of infective hepatitis without icterus showed also a strocgiy 

poamve rea&on in the xepbalm teat. , 

3. The cephahn test was also found to be positive m a proved case 
WeiTs disease and m two prored cases of relapsing ferer 
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4 Due to the nmphaty *nd reliability of the cephahn test, it is suggested 
that it be used by private practitioners m their clinics to help m the detection 
of pre ictenc end non icteric ewes of infectious hepatitis 

5 It u also suggested that the cep halm test be employed by all trans- 
fusion units on all prospective blood or plasma donors to exclude infective 
hepatitis as well as active malaria Such a procedure would eliminate those 
cases of homologous serum jaundice where the ict erogenic agent is the virus 
of infective hepatitis 
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PUI.FX IRRITANT 

To iht Edricx Transactions of the Jtorel Sonety of TropjtaJ Mediate axd 
Hygiene 

Sir, 

Mac Arm IT: {1946 Trans R Soc trap Med Hyg 39, 343) ha* drawn 
attention to the fact that the human flea Pultx imlam which ha* been th&wo 
to he capable of tnaunimng plague can adapt iuclf to * host other than man 
From the epidemiologic*! point of view thia i* rather important, eapectally 
when the hewt wlected i» the houtc rat The following record* from the Ffra 
Survey of the Union of South Africa ore of ionic internal in thh connection. 

Theae record* do not prove that the human flea ha* become completely 
adapted to the hoar* mentioned. Some of the record* may be due to atraggCng, 
but they give the imprtancra that P imtaHt i* nof to rratneted in it* choice 
of ho« a* i* generally believed 

The figure* m bracket* relate to the number of ocean on* on which P vtUau 
waa found on the ho*t mentioned. Ret tut rattus (31) man and bedding (18) 
plague hou*e or on human c**e of pbgue (7) Mas muscvfv plague Infected (I) 
Mvs mutmlux uninfected (3) domeatic dog (4) domatie pig (1) doroeatk 
calf (l) RAabdamys pumlto (2) Afyotcmyt ap (l) Geosauna t***rts (2) 
Suncata rune e tie (l) Otomys irreratte? (1) 

B. Dt MntLOH 

South African Institute for Medical Rwearrh 
D H 3 DATta, 

Union Health Department 



DEATH OF TWO PAST PR^IDEJSTS 

S P JAMES and J \\ V. STEPHENS 

It \% with much regret that we have to report the death of two of the 
Society s Put President* both of them distinguished in the field of inalana. 

Lieut.'Coloncl S P James fils.. who died on 17th April* "as a 
member of the Indian Medical Service and later Malaria Officer to the 
Ministry of Health and Director of the Malana Laboratories at Horton 
Mental Hospital In India he contributed much to our knowledge of the 
mosquitoes of that country with special reference to malana and filanasu 
While at the Ministry of Health he organized from the laboratory at Horton 
the malana treatment of mental patients throughout the country and was 
thereby enabled to make valuable contributions to our knowledge of the 
action of quinine and the behaviour of malarial parasites m the human 
body particularly from the point of new of relapses and their underlying 
causes This work led him to the study of the rnabnal parasite of fowls and 
the discovery with T\te at Cambridge oF the extraordinary development in 
cells of the rcticulo-cndothelial rvstem to which he gave the ven descnptire 
if somewhat ponderous ntle exoeryrhrocync schizogonv which will ever be 
associated with his name To the day of his death his acme mind was 
occupied with the possibilities of demonstrating a similar cvcle in human 
malana. for he realized that this would solve many of the problems which 
confronted him at Horton and explain much of what is it ill obscure in the 
coune and treatment of this world wide disease 

The second Past President whose death we haie to announce is Professor 
J W W Stephens fr_s who died on 17th May 15H6. He was a member of 
the Royal Sociery * Commission on Malana in Africa and India. IS9S-1902 with 
another of our Past President*. Sm Rickard Christophers. These two added 
much to our knowledge of mosquito malana relationships m the early day* 
following Sir Ronald Ross's discovery of mosquito transmission. Later 
Professor Stephen* occupied the chair of Tropical Medicine at the Liverpool 
SchcKil of Tropical Medicine, where he brought his enneal judgment to 
licar on problem of malana and bbckwnter fever and for manv vears imparted 
his knowledge ro -i long line of jtudenrs who passed through the School 





ANNOUNCEMENTS 


II 


THE NEXT MEETING OF THE SOCIETY 
The Opening Meeting of the 40th Session mil be held it Maruon House on Thursday 
17th October 1946 at 8 pjn 


MOVEMENTS OF FELLOWS 

The followtnE Fcllowi from abroad have notified the Secretaries that they tre fem 
fxtrarify fn the British Isles. Letters addressed to any of these cue of the Royal Society 
of Tropics! Medicine and Hygiene, Munoa House 26 Portland Place, London, W I 
can usually be forwarded to the home address. 

To cm nr* the accuracy ol this ILst Fellows named balow arc partfen Ur ly requested 
to adrfie the Secretaries when they return to their stations abroad 


Abelheiu E. S Africa. 

Anderson Capt E. S., MJE.F 
ANDREW CoL R. R., Australia. 

Ball, J D India. 

Baxter, G R., F<ji 
Beattie, Mary V F Tnmdad 
Bekky W T CL, Nywaland. 

Bigoer W K. Palestine 
Blakemobe, W L. Malaya. 

Bowker, C M. Portugal 
Braine, G I H Malay*. 

Branch A G M Nigeria 

B*o\cn Rev D M-, Northern Rhodeau. 

Bhyan T B L-, Uganda. 

Busby J C., Sierra Leone. 

Carmichael, James, Uganda 
CrrwATT, Major L. J., India. 

Clark, R. H. P Calcutta. 

Cochrane, R. G., India. 

Collins, J„ Nraaaland. 

ConmND F J India. 

Dvly E. J Gold Coast. 

Duet W R., Malaya. 

Earle, K. V Equtdor 
Eyans Thomas, Malaya. 

Field, J W Malay*. 

Forrest S., Kenya. 

French Lt -CoL J M., India. 

Giiaiour C C. B Malaya. 

Greany, W H Sudan. 

Haioh, H- Nigeria. 

Hardee, R S Malaya. 

HaroREAVEI H E. Persia. 

Hollins, C. Nigeria. 

Hunter, W S Nigeria. 


Inner, J R- India. 

Jacques, J V Malay**. 

Knot, R- Sudan- 

KniOWTI H T Belgian Congo. 
Lambert W A., Tanganyika. 

Landor, J ’v Malay®* 

Leech, R. B Uganda. 


Lever R. J A. \V., Fql 
Lb Roux, P L. Northern Rhodesia 
McArthur, J N British North Borneo. 
Macrae 8 J C Egypt. 

Mackay Wing Comdr Ian 
McKenzie, Alan Tanganyika Territory 
Mackk, T T U.S.A. 

Macro, J W U -S.A 
McLean N., Kenya. 

McPherson A Gold Coast 
McPherson D Ro*s Malay*. 

Makar I J Syria. 

Malamos, Prof Greece. 

Man*on J K. India 
Mickie, Charlto Sierra Leone. 

Raauat G CL. India. 

Rao, T R. India. 

Reed Howard Tanganyika Territory 
Robert*, J I., Kenya. 

Robinson C. Gold Coast 
Ross, C. C., Malaya. 

Ro utley P E. F., Singapore 
Saunders, G F T., Gold Coast. 

Scott, A, Malays. 

Sxlwtn-Clarki, P Sn Hongkong 
SlNDdSON H. Cn Iraq 
S la din F J., Gold Coast. 

Smith, Constance, Malaya. 

Sbreadburt, H J H„ India. 

S brent J F A, Nigena. 

Steehenson R. W Sudan. 

Strahan J H Malaya. 

TrmiAN D A. SJLA-A-F 

TRroARTHiN J C. T-, British North Borneo 

Twining Helen M. Mauntiu*. 

Watson W Hall, Malay*. 

Wilson M_ Egypt 
Wilson, T., Malaya. 

W DttUAN R IK Kenya. 

Worm H. Norman S Rhodesia. 

Wright S C_ Gold Co*«- 
Zah*a Neumann C~, Malta. 
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